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ABSTRACT Each muscle cell of the syllid (Annelida:
Polychaeta) proventriculus, the region of the gut posterior
to the pharynx, contains a single zigzagging Z band,
flanked on each side by a sequence of I-A-H-A-I bands
defined by thick (60-90 nm) and thin (5 nm) filaments.
The thick filaments show a 14-nm periodicity similar to
paramyosin. The muscle cell terminates at the level of
the outer I bands. The muscle does not include a complete
sarcomere in the strict sense, as defined bya pair of Z bands,
but the equivalent H-H distance reaches about 40 Mm.
Electrophysiological evidence suggests that contraction
and relaxation of the cell are, respectively, associated with
depolarizing and hyperpolarizing potentials.

The proventriculus of syllid worms is a tubular organ, com-
posed primarily of myoepithelial cells, most of which are
arranged radially between the lumen and the external surface.
In the resting state the lumen of the proventriculus is col-
lapsed, but upon contraction of the muscular wall it opens to
allow water and food particles to be sucked in via the mouth.
Relaxation occludes the lumen and expels the contents of the
organ. Contraction and relaxation act in concert; peristaltic
waves travel in a caudal direction, and valves at each end of
the proventriculus ensure unidirectional flow. In its mechan-
ical function, the syllid proventriculus resembles the nema-
tode esophagus (1).
The special interest of this syllid preparation lies in the fine

structure and organization of the myoepithelial cells, which
were described by Haswell (2) as striated with a sarcomere
repeat that, while not visible with the naked eye, "can be made
out with a pocket lens magnifying four or five diameters."
Haswell found that these muscle cells possess from one to
several Z bands (on a species-specific basis), which define
sarcomeres of up to 30 rm-l10- to 15-times the length of
sarcomeres of conventional vertebrate striated muscle.
Haswell's observations were confirmed by Malaquin (3)
and Okada (4), while Schmidt (5) described in Syllis blom-
strandi isotropic and anisotropic bands-the I and A bands
of modern terminology-that alternate radially in cross sec-
tions of the proventriculus wall.
A recent fine structural study of the proventriculus of

Syllis amica (6) revealed arrays of thick and thin myofila-
ments, but striation was apparently absent; the author ac-
cordingly considered this tissue a smooth muscle in which the
thick filaments resemble, in their large diameter and trans-
verse periodicity, paramyosin filaments of molluscan adductor
muscle. The present study of Syllis spongiphila, however,
clearly reveals a striated muscle in which the conventional

terminology for the bands, including the single Z band of each
cell, is appropriate. A preliminary description of this finding
has been published (7).

MATERIALS AND METHODS

Specimens of Syllis spongiphila were collected for this study
in mangrove swamps of Northeast Puerto Rico and the Bay
of San Juan, and were kept in the laboratory in shallow
dishes of aerated sea water. For electron microscopic studies,
the proventriculus was fixed in 2.5% glutaraldehyde-0.05-M
cacodylate buffer (pH 7.4)-14% sucrose. After 4 hr of fixa-
tion, the material was placed for 1.5 hr in similarly buffered
1% OSO4. After dehydration in an ethanol series, material
was embedded in Araldite (CIBA, Duxford, England). Sec-
tions were cut with glass knives on an LKB Ultrotome III,
stained with salts of lead and uranium, and examined in a
Philips EM 200. For electrophysiological work, worms were
pinned on a translucent Silicone rubber platform in a plastic
chamber, and the body wall was cut open to expose the pro-
ventriculus. Natural sea water at 240 was used as the bathing
solution in all experiments. Electrical recording was conducted
with conventional KCl-filled glass microelectrodes inserted
into cells from the external aspect of the organ.

RESULTS AND DISCUSSION
Fig. la represents a light micrograph of a transverse section of
the proventriculus of Syllis spongiphila in which the radially
arranged columnar muscle cells are cut longitudinally. A
dark band concentric with the lumen is seen equidistant from
the internal and external surfaces. This line represents the
series of aligned Z bands of the adjacent cells. In this speci-
men, which is oriented on its side in the micrograph, the cells
close to the dorsal and ventral surfaces of the proventriculus
are about 50 um in length, lengthening to over 100 urm in
the lateral regions of the tube. A longitudinal section of a
pair of cells from an intermediate position is illustrated in a
survey electron micrograph in Fig. lb. This field includes the
inner and outer fiber insertions, respectively, on the border of
the lumen and on the outer surface of the proventriculus.
The zigzagging Z band is clearly defined, but the remaining
sarcomere pattern is only faintly visible in this plane of
section, and becomes interpretable only by the aid of trans-
verse profiles of the fiber that reveal the myofilament arrange-
ment. On each side of the Z band extends a single sequence of
I-A-H-A-I bands, and the fiber inserts at the level of the outer
I bands. A profile of an I band adjacent to the Z band is shown
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FIG. la. Transverse section of the proventric-
ulus of Syllis spongiphila. Each of the radial
myoepithelial cells possesses a single median Z-
band (arrows). Regions of sarcoplasm containing
the fiber nuclei and mineralized deposits alternate
with the contractile cylinders. This muscle was
fixed in partially contracted condition, and the
lumen of the tube is seen. Asterisks indicate the
dorsal-ventral axis of the proventriculus, as
situated within the body cavity.

FIG. lb. Survey electron micrograph of
myoepithelial cells in the same plane of section
as Fig. la. The inner (arrow) and outer (*)
insertions of the fibers are seen, together with the
median zigzagging Z band. The levels of I-, A-,
and H-bands on either side of the single Z band
are indicated.

FIGS. ic, d, and e. Electron micrographs of
transversely sectioned proventriculus muscle.
In the I-band (ic), thin filaments alone are pres-
sent; in the A-band (ld), thick and thin filaments
are present in an interdigitating array, while the
H-band (le) is characterized by thick filament
profiles.

FIG. lf. A longitudinally sectioned thick
filament showing an about 14-nm periodicity.
The contrast has been enhanced via a Xerox
copy of the original micrograph.
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in Fig. ic; this region contains only thin (5 nm) filaments,
presumably of actin. The thick filaments are 60-90 nm in
diameter, and circular in cross-section in the H zone (Fig. le);
they become elliptical in cross-section and taper in the A
bands where they are associated, as in other striated muscles,
with thin filaments (Fig. ld). The characteristics of the thin
filament orbitals of the A region have not been established,
but preliminary counts indicate a thin/thick ratio above
12:1. Paradoxically, the H zone, of lower electron density
than the A band in conventional muscles, is here rendered
more opaque than the A band by the greatly increased di-
ameter of the thick filaments. The basic sarcomere repeat of
striated muscle is the Z-to-Z distance: the muscle described
above contains only a single Z band and thus does not in-
clude a complete sarcomere in the strict sense. However, the
corresponding H-H distance in the proventriculus muscle is
over 30 pm in Fig. lb, and reaches about 40 pm in the lateral
fibers in Syllis spongiphila.
An electron micrograph of a longitudinally sectioned thick

filament is shown in Fig. lf. In this material, the repeat period
of the transverse banding is about 14 nm. This length cor-
responds closely with that found in paramyosin of molluscan
adductor muscle (8, 9), but not with the periodicities of 77
or 115X reported in another species of Syllis (6).
These preliminary findings establish the presence of a

striation pattern almost twenty times the length of the
sarcomeres of vertebrate skeletal muscle, and twice that of the
longest invertebrate sarcomere hitherto studied by electron
microscopy (10).
Preliminary studies have been conducted on the electro-

physiological mechanisms that control the contraction-
relaxation cycle. The myoepithelial cells of the proventriculus
have a resting potential of -49.5 41 7.8 mV (n = 83). Spon-
taneous activity of various degrees occurred in most prepara-
tions. Commonly, small potentials were observed, up to
15 mV in amplitude, that were characterized by a fast
initial phase and a slower decay from the peak. These spon-
taneous potentials, which resemble synaptic potentials, oc-
curred as either hyperpolarizations or depolarizations. The
small potential changes were not accompanied by notice-
able movement of the proventriculus. Occasionally, large
positive deflections of up to about 50 mV were recorded (Fig.
2a). Sometimes, large, complex, and relatively long-lasting
spontaneous discharges, frequently associated with visible
contractile activity of the proventriculus, took place. These
bursts of activity appear to be the result of summation of
many depolarizing and hyperpolarizing potentials. Fig. 2b
and c illustrate two series of discharges associated with co-
ordinated peristaltic waves. The activity is initiated by de-
polarizing potential changes that build up to a peak, which,
as shown in Fig. 2b, can reach, and even overshoot, the zero
reference level. The peak is followed by an abrupt drop to the
resting level, and a hyperpolarizing phase that is made up of
discrete negative-going potentials. Direct visual observations
indicate that the depolarizing phase is associated with con-
traction of the myoepithelial cells and with opening of the
lumen, while the hyperpolarizing phase is associated with
muscle relaxation and occlusion of the lumen. The electrical
characteristics of the spontaneous potential changes have
not been elucidated. The depolarizing potentials resemble
excitatory synaptic potentials; because they can build up to
overshoot the baseline, there is the possibility that a regenera-
tive response of the membrane may be involved.

FIG. 2. Spontaneous electrical activity recorded from single
myoepithelial cells of a syllid proventriculus. Top, simple de-
polarizing and hyperpolarizing potential changes. The rapidly
rising depolarizations of large amplitude were only occasionally
observed. Middle and bottom, complex potential changes as-
sociated with peristaltic waves of contractile activity. A de-
polarizing phase, made up of many positive-going potential
changes, is followed by a hyperpolarizing phase, made up of
negative-going potential changes. In the middle, the electrode
was removed from the cell to indicate the zero reference level.
Vertical calibration, 10 mV; horizontal calibrations 0.2 see (top)
or 1.0 sec.
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In summary, this muscle offers a unique set of features of
interest to the physiologist and to the morphologist. The
syllid proventriculus appears to possess a relaxation mecha-
nism that is associated with negative-going potential changes;
hitherto only the pharynx of Ascaris has revealed such a
mechanism (1). For the first time, a myofilament possessing
a periodicity resembling that of paramyosin has been found
in a striated muscle and, in addition, the unusual sarcomere
length of the syllid myoepithelial cell offers a new level of
resolution to experimental approaches to a single unit of the
contractile system.
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