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‘ ABSTRACH

An extensive Investipation of the fine structure of the muscle
system dn Stomphia coccirea and Aipta-ia diaphana has been carried out.
Observations on varicus aspects of the muscle svstem are presented.
The functionzl relationship between the murcle svsten and the mesogplean

»
and between the muscle system and the nervous svater. is censidered.
Enphasis is~prlaced on the functional significance of the occurrence in
both species, of two typés of muscle fiber.

Type A and Type B fibers are distinguished mainly by différcnccs
in the thick filaments of the twc tvpes. 1In Type A fibers, the thick
filaments have a consistent diameter of 180K. 1In Type B fibers, the
diameter of the thick filaments is veriable and on the average (225&),

o
is ﬁreator than that in Tvpe A fibcrs. The thick filaments in Type B
fibers show an axfal striation with a period of 110A. The differences
between Type A and Type B fibers do not result from differences in the
state of contraction of the nusclc; the two fiber types are therefore
considered to represent two morphologically distinct kinds of muscle
fiber . The fine structural characteristics distinguishing'A and B
fibers are similar to those which distinguish fast and slow muscle
fibers in higher animals. The distribution of A and B fibers in
Stomphia and ﬁigtaéia is-consistent with the distribution of fast and
slow muscles in these two species. It is proposed that A and B fibers
represent two morphologically distinct kinds of smooth muscle, and

that the capacity for fast and slow contractions in the muscles of

Stomphia and Aiptasia and possibly in all actinians, is due to

morphological differentiation in the muscle system.

iv
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TNTRODCCTTON

Actinians are eapabile of sone relatively complex behavior
botfvims. These behavior  patterns are usually stereotyped but in.
;"".\

sone cases beliovior  arsunes M {orent forms according to the circup-

ttances dn which b aetdivity taj on place.  The LTUY?'])]CT'C]It)'uST]lka"d‘ﬁ:’lpt"

ability of these belavier patterns are surpricing considcring‘tﬁv
lA.- -~ .
apparent simplicity of actinian Structure. Exauples of sukh patterns

are swimming in_StoTphjqrvprcjnon (Yertech and Picree, 19555 Sund, 1958)

and transfer to shells in Calliictis pirasitica (Ress and Sutton, 1961a *

N

and b) and in Storphia coceirca (Ross and Sutton, 1967).

_____ ——

The nervous eystem that controls these behavior patterns in
actinians has becen Studgcd extensively beth from the standpoint of {ts
structure (Pantin, 1952, Robson, 1961 and 1063: Peteva, 1976) and its
function.(HcFarlane, 1969 a and b; Lawn and McFarlanc, 1276: Lawn 1976).

- a

However, kno&ledgo of the muscular orpanizotion of sea anemones 'is still
limited, pérticularly at the ultrastru-tural level. This investipation J
was undertaken to provide information zbout the structu;c and organiza-
tion of the muccles cemparable to that available on the rerveous system,
using both light and electron microscopy.

The first comprchensive studies on the histology of actinians were
done by von Heider (1877) and by the brothers Richard and Oscar Hertwig
(1879-80). Subsequently, there was a good deal of disagreemcnt abPUC
details, especially about the organization of a nervous system. These
contradictions between carlier and later works were probably due to

differences in the techniques of fixation used by different investigators.

The recent study by Peteya (1976) has clarified the situation by -

/ :
.1 H



demonstrating the artifactual nature of some of the features previous-

ly described and by distinguishing nervous from non-nervous components
in the so-called "nerve plexus' of sowme earlier authors. Nevertheless,
a century of studies with the light microscope has firmly established
the main features of actinian histology. In particular, the presence
of epitheliomuscular cells, first described in Hydra by Kleinenberg
(1872), was confirmed; the nature of mesoglea as a type of connective
tissue was demonstrated; the basic cell tyﬂés in the ectoderm and the
endoderm were described in detail. With respect to muscle, the
observations made by the Hertwigs were confirmed by subsequent workers
(Faurot, 1895; Carlgren, 1893;MacMurrich, 1899 and 1901; Parker and
Tit;s, 1916). Moreover,a detailed knowledge of the organization of the
muscles was built up and used as a tool in the classification of the
Actiniaria (Stephenson, 1928 and 1935; Carlgren, 1949).

More recent studies have been directed towards the functiﬁpal )
organization of the actinian muscle system (Jordan, 1934; Kipp, 1939; |
Batham and gantin, 1950 and 1951; Robson, 1957). In recognition of
the great importance of the mesoglea in the.functioning of the muscles, .
careful analysis of the structure and of the chemical and physical
properties of this‘tissue have been carried ot (Cheoman, G., 1953a and
b; Gutmann, 1966; Gosline, 1971).

Yery little is known of the fine structure of the muscle system in

actinians based on observations with the electron microscope. In the

course of his study on the nervous system of Stomphia coccinea, Peteya

(1976) observed two types of muscle fiber, A and B, which he distin-

2 SV

guished by the appearance of the thick filaments. "He was unable to

o
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decide vhether these represed®ed differences in state of contraction rr

distinct types of nuscle, but he surpestod that there was a dirolr

corrclation with the distribution of B fibers and the nuscles involved
in the swinming of SEQU”‘UD

The phvsiolopical literature ie extencive and {t is neccss rv here
only to draw attention to a few questicon. in the physiolosy of nerve
and muscle which are of particular ifmportance to the wmicro-anatorist.
One of the problems has been the difficulty of dealing scpavately with
nerve anad muscles in the phvsiological analysis of behavier in conduct-
ing experiments on intact animals or on preparations.

It is well kneun that certain muscle fields of actinians are
capable of both fast and slow contraction (Pantin, 1935:; Batham and
Pantin, 1954; Ross, 1957), but the mechanism underlying this functional
differcntiation is not understood. The nature of the processes involved
in synaptic and neuroruscular transrcicsion is not well understood, in
spite cf detailed studies by Ross (1960a and b) on the excitatory or
inhibitery effects of cholinergic and adrenergic substances on the
muscles. Frem kymograph recordings of muscle preparations, it was
demonstrated that the character of a contraction, i.e. its speed, size
and latency, appears to depend on the frequency of impulses delivered
to the muscle figld (Pantin, 1935 and 1952; Batham and Pantin;;l95é; :
Ross, 1957; Bullock and Horridge, 1965; Robson and Josephsgn, 1969).

No differentiation into areas of fast and slow muscle fibers was
detected (Pantin, 1965), and the concept of a simple, frequency coded

nervous system controlling behavicr 1in an unspecialized muscle system

was generated.

Recently, particularly through the work of McFarlane and colleagues

>
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Oﬁﬁ?nﬂ.“v,wloh”n and b, 1970, 19740 16975, 1976; McFarlan.  and Lawn,

5. . . P ) 1
1972, Fawn and Melar bone, 1976¢0), the exdiatence of at lcast three e

conduct iny systems in sca anermonces has been conclusivelv demonstrat od,

and the control of séveral behavior piatterns has beon cxplained in “\
| N

terms of Intoractions cmong these conducting avetens (Toawn, 1970, S~

ann,uaﬂ Hetarlave, 19765 MeFarlane, L96Ch McTarlane, 1775 Moo Tane,

19765 1t Farlane and Tawn, 1972).  This icformation forces a

reconcideration of the amitomics] substrates for co doeting pathuwavs,

Ad outlined by Josephson (1974), there are three alteryatives for

independent conducting svetems in the Cnidaria: 1) mechanical trans-
mission of excitation via the nuscle fibers themspelves; 2) transmission
through a nerve net:in which several conducting systems may cxist n

parallel capable -of Veing ingependantly excited: ©° non-nervous conduc-
L B .‘.‘ N ) \f v
. tion thircuph epithelinl cells. This last possil il tv is an old concept

"5, which has come to the fore recently. It was first introluced by

5 Kleinenbcrg (1872) working with hvdra, but it was later discounted by
. - . U e
v . R ) - By
the Hertwigs (18792 £0). Parker (1919) re-introduced the concept as a

feature vhich %ust have been present in the elementary nervous system.
Experirental evidence f.- epithelial conducticon only became available

when Mackie (I965) was able. to detect impulses passing in ncrve-free
i epithelia 1 ertain‘H‘drozoa. Pantin i965 has suggested that the
P ng,g/ %My : ( ) 8e ‘

capacity for fasi and slow muscle contractions in actinians rmight be
explainc " by-the presencé of neuronal arid myoidal conducting pathwavs,

respectively. However, an anatomical substrate for a non-nervous
4 o ) o v

pathway has never been demonstrated. Moreover,, the influence of

N

[
t

intrinsig‘properties of ghe muscle in determini g the:character of a

contraction has not becen investigated.

’

v

%



The objectives of the investipation presented in this thesis can
be svmmarized as follows: 1Y to Increase cur knevledpe of the
s:tilp‘ttn'v of Gsotinian muccle at o the subcelindar level: 2) to study the
fine structuwrce of aetinian nuscele in different states of contraction
in crder (1) to shicd sone Tipht on the nature of the twoe tvpes of
fiber desceriboed by Potova (1676) and (3) te gain an understanding of
the or  aization of the Miple systen in relation to the difterent
functions it pust perforn; 3) te approoch some questions in nouromus-

culay physiolepy frem the standpoint of micro-anatony.
. ’ ’ .
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MATERTAL AND M1 THODS

Collect fon d .‘1."711‘f»(‘Al‘!k.'r!H.t‘—L" 0 .rw,\]l‘{_r“;.'x lag
The swimming cen ancione, Storphia coccinea (Millev), was dredy @

in the San.Juan Channel of Pupet Sound at depths of about P00 feet and

maintained in artificial sea vater (Instant Ocean) at IZ(XC. for up to

tvo chL; pricr to usc.  The average size of schimons wvas 1.5 cm.

i dinactcr in the mid column region. Alptow o diaphana (Rapp) was

originally obtained off the coast of Lertuda and multiplicd in the

Iaberatory by pedal laceration. It was maintainced in artificial sea .

water at room temporatur; and fed weckly with frozen Artemia.” The

average size of specimens wds 0.35 cm. in diameter in the mid- column

region. Approximately 30 specimens of cach species were used in the

study. Except where mentioned, all observations were made n at

least two individuals (of either sen). Hereafter, Stowphiqrcoccineq

will be referred to as Stowmphia and Aiptasia diaphana will be referred

to as Aiptasia.

"Anaesthesia: .
Prior to fixation for light or electron micrescopy, the sea

anctonec wvere anaesthetized in equal parts of 6.7 percent MgC12.6H20 -

and sea water for five to six hours. It is possible to narcotize

Stcmphia by introducing the anaesthetic at full strength during the

refractory period which follows swimming (Sund; 1958), thus eliminat;ng

the necessity for gradual addition of éﬁae;thetic (Robson, 1961).

Aiptasia could also be introduced to full strength anaesthetic withouat

causing full retraction, since the sphincter 1s very weak and cannot

close over the oral disc and tentacles,




Electron Microscopy;

Full expagsion of the anemones was achieved by inflation through
the pharynx using a hypodermic syringe during narcotization, and
subsequently, during fixatioa. thle animals &ere fixed for two hours
in 2.5 percent glutaraldehyde in phosphate buffer at pH 7.6 (Dunlap,
1966; Cloney and Florey, 1968), then dissected and postfixed in two
percent OsOA in theAsame buffer for one hour. The tissue was dehy-
drated in an ethanol series ana egbedded in Epon or Aralditel One rN\)
micron thick sections were cut for light microscopy and stained with °
methylene blue;. These were uéed to facilitate orientation within the
tissue when workin§ with restricted fieids of view on the electron
microscope. Tﬁin.(silver—gray) sections were_moun;ed on. uncoated
grids, stained in uranyl acetate and lead citrate (Reynolds, 1963), and
examined with a Phillips EM201 at 60 or 80 iVs. All measurements were >

made on the printed micrographs.

Light Microscopy;

For light microscopy, the anemones were fixed in Bouin's or in
Flemming's strong formula (after Mueller, 1950). The tissue was dehy-
drated in an alcohol - xylol seriég and embedded in wax. Sections »
Were stained in Masson's Trichrome, after Bouin's fixative, or in acid
fuchsin and light green SF yellowish, according to Mueller (1950),
after Flemming's.

Contraction State Experiments;

The retracto;\zﬁd the column circular muscles of Stomphia were
chosen for the experiments beca7§e they can be isolated without exces-
sive difficulty, and because both muscles are comprised of A and B

fibers. 1In the retractor, the majority of fibers are of one type (A),

»
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and they can be ecasily distinguished from the Type B fibers on the
basis of size, as well as myofilament patterns, In the column
circulars, the epithelial rluscles are invariobly Type B and the
“

e
mesogleal muscles are invariably Type A. Here apain, the two types

can be casily distinguished on a basis other than the myofilament

‘patterns  and can be studied in relatdion te one another.

Retractor muscles and picces of column circulars were icolated

? from §Fomnhig having mid-column diamcters of 1.0 to 2.5 cm. All

dissection was donc with anemoncs which were narcotized for at least
five hours, according to the technique described above.

To obtain muscles at rééting length or strciched, the isolated

pleces were pinned out onto wax using porcupine quills and fixed while “

still narcotized. Pieces pulled out to 15 - 20 percent more than

resting length were considc?ed stretched. For iscmetric and isotonic
confraction, the muscles were allowed to }ccéver from the anaesthetic
for one hour (full responsiveness returns in as little as 15 minutes)

in normal sea water, folleowing dissection. Contraction was induced

ceither by slow introduqtion of fixative or by exposure for five
it :

minutes to sea water having 20 percent of the sodium ions replaced by

potassium (Ross (1960a), demonstrated the excitatory effect of excess

potassium ions on muscle preparations of Calliactis and Mctridium).
To obtain isometric contractions, muscles were held a; resting length
by porcupine quills; to obtain isotonic contractions,;the:quills were
removéd from one end of the muscle to allow free shortening.
Prepawation of the tissue for electron migroscoﬁy, and for ligﬁt
microscopy of one micron s%ns was Hdone according to the procedure

‘>

described above.
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Thert is some confusion in the literature reparding the use of the

HE

terms "fiber", "fibril" and "filament™. The torms ver { !

T used
extensively in the description of vertebrate shcl 11 pusele wjrﬁxrhc
-
following strict dengtutions:  (a) "filament" (i.ce. myofilanent)
refors to the filamcntous proteins, actin (703) and myosin (1508)
which together muﬂL up the contractile unit; (b) "fibril) (i.e.
myofibril) refers to a discrete sroup of filaments usually bundled
topether in some way; (c) "fiber" (1.¢. myofiber) refers to an entire
muscle cell, tomposed of many myofibrils.' The last term, "fiber™,
is also used to describe the fibrous protcin‘of.connectivc tissue,
collagen (diamcter = 200 -~ 1000A (Leghissa and Mazzi,1969). 1In this
thesis, the terms "fiber" and "fibril" will be used as equivalent termg
since therc is usuallf qnly one fibril per fiber. The tern ”fibér”
will also be used to refer to collagen. The term "filament' will be
used to refer to any small filamentous element with a diameter less
than 200nm. Qhenevcr necessary, the prefix "nyo'" will be used in
ponnection with' the muscles, té avoid confusion with non-muscular

fibers (i.e. collagen) and non-muscular filanents (i.e. filaments of

supporfing cells).
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RESULT! .
I. ANATOMNY AND HISTOLOGCY

A brict summary of the anatomy and histcelopy of actinians s
given here for the sale of orientation. For a nore detailed account,
sce Stephenson (1923) and Hyman (1940). [

The main bedy 5f a sca ancroncNs made up of a hollow cyliuder,
the column, closed below by the pcdal disc and ahbove by the oral disc
which bears a variable number of hollow tentaclcs around its circum-
ference (Fig. 1). The oral disc is perforated in the center by the
mouth, which leads into the pharynx. The cavity enclosed by the body

—
and tentacles is the gastrovascular cavity, or coelenteron., It is

filled with fluid, the amount of which can be varied, -and constitutes

a hydrostatic skeleton. The gastrovascular cavity is divided into

&

compartments by the septa (mesenteries), thin sheets of tissue which

extend radially from the column to the pharvnx, and ioﬁg;tudina]ly
from the oral disé to the pedal disc. The septa are producced in pairs;
the space between the members of a pair 1s termed the endocoel; the
space between pairs is the exocoel. In most species, the younger pairs
of septa do not connect with the pharynx at their median edge. The
{ree edges of these, and of the complete septa below the level of the'
pharynx are‘specialized into thin gastric filaments which in several
important families, continue as a long thread or acontium and hang
freely in the gastrovaScﬁlér cavity. .

Only two tissue layers are présent; a true mesoderm is lacking.

The two layers are separated by the mesoglea, a layer of connective

10
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tiscue produced by the epithelia (I'ip. 2a and b),

The greater part of the oendoderna epitheliom 14 mﬁdu up of
epithelferuscular cells in a sirple laver. These Lave three partsy:
a cell body, a narrow peduncle, and a ruscle fiber which lies on the
mesoplea, Virtually the whole cndederm ther fore, forme a centinuous
shecet of nuscle. Bricfly, the najor muscele fields in the endoder ore

.
the retractors, parictals, parictobasilars (in seme specics) on the
septa, and the circular muscles of the colun, pecdal dise, pharyn:,
0 .

oral disc and tentacles. The retractors arc peverful longitudinal
muscles (present only on the conplete and larger in;omp]cic sepra)
which pull dovn the oral disc in responsc to adverse stimuli.  The
parietals, located at the junction of ecach septum #ith the column,
constitute the mein lensitudinal musculature acting on the column. At
the toy of the colurn  the circular muscles are often developed into
a sphincter which loses cver the tentacles after retraction of the
oral disc. In sov. muscle fields, the epithcliomuscular cells are
modified <cuch that 417 or most of the cell bodies associated with the
nuscle fibers c¢re reduced qnd thn nucleus and organclles are located
adjacent to the myofibr:.. 1In this case the muscle cells are usually

located at the base of the epitheliar  or below it, emledded in the

mesoglea, Muscle fields in whicl. v 1'hers naintain connection with
the epithelium will be referred to e "ial muscles. Tields in
which the fibers are located in th.: =me ‘111 be called mesogleal

muscle. This is a simplification of *%e clogy introduced b;\\\\‘\~———~

Carlgren (1949).
Interspersed among the epith:licmu: ~ni -+ « gland cells,

sensory cells and amoebocytes. The amoebocy . -re smali wander. g

.)‘7 —
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cellas, unspecialiced or weabds phagoevtic, which cun be fotnjd insorted
onywhere in the HH(%LUH} tiscuc,  The genads are losated on the xtxfiiicrf
or bearing septa, between the retractor snd the gastric tilawent. The
fastric filaments are tri-Jobhed Structures consisting of x]una Cui]ﬂ,
nenatecytes and supporting cells., 1€ the ancwone contains cvrbicotic

i
alpac, these are Tecated dnside endoderdad epithelial cells which have

no nuscle fiber. ‘

The ectoderm is made up nnin1)\zx Ln]i, nNarrow supportin,, cells,
Interspersced amoné these are at least two types of pland cell .
sensoryvcells and the nematocytes. In the cct5dtrm of the tentacles,
oral disc and pharviax, and also in the column and pedal disc of some
primitive species, modified cpithelial cells form a muscle laver which
embedded in the mesoslea In the siphonoalvph,a

lics directly ouw, or is

groove formed by a fold in the wall of the pharvnx, the ectodern is

ciliated.

The nervous system forms part of a plexus of fibcrs_10catcd
betwveen the cell bodies and ruscle fibers of the epitheliomuscular
cells in the endoderm, and similarly, at the bases of the supporting
cells in the ectoderm. The plexus?.égmnysed of nervous and non-nervous
fibers, reaches its greatest development in the ectoderm of the tenta-
cles, oral disc 48! pharynx, and in the endoderm_at the base of each .
septum, above the pgrieta] m cles,

The meséglea is composed of a network of fibers which are protably
collagenous, embedded in a matrix whose chemical n#ture is as yet un-
known, Amoebocytes, small mesogleal- cells, mesogleal musele cells and

possibly nerve fibers, are the only cell types in the mesoglea.
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IT,  THE MUSCLE ¥ILLDE

The orpavization of cpithelial and nesopteal nuscle ficlds is
Illustrated in ¥Yig, 3. 1In epithelinl muscle (Fip. 3a and b), the filers
form a twe dircnsional sheet which lJies rn the mcS(leq. The rusele
sheot 1s sceparated from the epithelium proper by the nerve rlexus,
Mesop teal ﬁusclv fibers arc located in bundles ambedded in the nesoglen
(Fig. 3¢). In contrast to ¢pithelial mﬁsclc, nuscle bundlec embedded
in the mesoplca are relatively isolated from the nervous system:

Increase in strcngth of the muscle field is accomﬁlishcd by in-
creasing the ngmhcr of fibers. Tn epithelial musclc,'this increasc is
accomodated by folding of the muscle sheet, thus fofﬁipg lamcllae
which extend into the mesoglea (I'ig. 3b); the fibcrs.maﬂntiin connec-
tion with the epithelium through their peduncles. The :rea inside cach
lamella contains the pédunclﬁu of muscle fibers as well>astany nerve
fibers which may descend.from fhe plexus and thus constitutes a deep

‘ L 4 ‘
layer of the plexus. Increase in size of a mesogleal muscle is
accomplished simply by increasing the number and/or size of the f{iber
bundles. |

Robson (1957) observed a considerable intcrstitial spéce in the
area of the plexus in the retracter of Metridium. She postulated the
existence of a hydrodynamic fluid in this sub-epithelial space which
would facilitate adjustment of the epithelium to changes of shape
accompanying contraction in the muscle field. The size of thersub~

epithelial space shows no clear correlation with the size of the

. S



adjacent neacle field in Airtocia and Stomphia,  The space io small
R nathte aronphvy
in all ficlds excert in the endoderm of the oral dise and pharvnx
! . ’

>

where it can be conciderabe (Fip, 4). 1In pencral, the space is

larger in Stoophia than din Aiptocia in all ficlds. In the retractor
and colunn circulare of Stopphia, ro detectable 1:11;!:1)&‘ ‘:'n voelure of
the sub-cpithelial epace occurs oo a result of contraction.

Specicl Aepects of the Muscle Ficlds:

a) The septas -

The retractor In hoth species dis a very lnrgr muscle and 1s pro-
dominantly ¢pithelial (Fig. 5). On the exoccelic face of the septum
(opposite the retractor), there is a thin sheet of epithelial muscle
fibers which is longitudinally oriented over much of the septum; at the
base of the septurn, the fibers arc rtanSV(récly oriented, forming the
basilar mucscles, and at the level of the pharvnx, on the complete septa,
there is an additional transverse cemponent teo this field. The
parictal muscles arc epithclial, and are located on both $ides of the

- v

septum at its junction with the column. 1In Aiptzsia, the parietals
are cqually developed on both faces of the septa. 1n Stomphia, the
périctal of the exoccelic face fans out toward the base of the septum
and forms the parietobasilar muscle. The medial edge of the paricto-
basilar is ﬁarked by a fold in the septum which runs diapgonally f{rom
the column to the center of the pedal disc. Although the parieto—
basilar is predominantly an epithelial muscl. at the base of the
parietobasilar fold, there is a small mesogl--al component (Fig. 5b).
b) The colﬁgg; *

The column circulars in Aiptasia are composed of a continuous,

unfolded shect of epithelial muscle. According to Carlgren (1949),
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Alptuss hassa weakfmeseoples] sphinetor but this was never oheerved.,
In Stomphia, the eNumn circulars hove a mesopleal as well as an
eplthel W4l conponcyt. At the top of 1he column , the mesopleal con
ponent is developed into o streng sphincter.
) . i
The Tent cles, Orgl Dice ond Phir s
The tentacled, oral dive and pharvex in botl, Specic s have a
v the endodera and a4 lonpgitulinal
£ the

circuliey muscle field contyiluted
In Stomphia, at the cral ond o
developrent of the ectedermal

shifted

SHal

ficld contributed by the cetodern.
there appears to be a local

siphonoylyph,
In this ares, the orientaticn of cctodermal fibers iy
The

muscles,
o™
from longitudinal to circular, forming a sphincter (Tig. 6)

[ 4
ectodermal musc]és are epithelial except in the tentacles and oral disc
of igggghiq, where thev are éunk into the mesoglea. The circular
muscles in both species are epithelial, .

At the base of the tentacles, ectodermal muscle fibers have been
observéd cressing the mesoglea and contacting the retract r muscles of
the septa in both species, and the sphincter in Stomphia (Fip. 7).
Similgr]y, the oral disc ect&dcrma] fibters have been observed crossing
the m;soglea and contacting the retractor muscles (Fig. é).
The Pedal Disc;
The pedal disc muscles in both species are epithelial. 1In
Alptasia, the muéc]c is a flat shcet, as in the column; in Stomphia,
the field is more st%ongly develeped, particularly towards the center
of the disc. At the junction of the septa with the pedal disc in both
;
specics nuscle fibers have been observed crossing the mesoglea and
contacting the pedal disc ectoderm (Fig. 9). Thesg’fibers appear to

kS

R



16

originate from the basilar muscle of the septa.

IITI. THE MESOGLEA

Organization of the Mesoglea;

The mesoglea can be dividﬁg into two parts on a structural basis:
a superficial layer and a deep layer. 1In Stomphia, the superficial
layer adjacent to a muscle field is 100 - 400 nm. deep and consists
of collagen fibers oriented parallel to the myofilaments (Fig. 10a and
b). The collagen fibers can sometimes be seen inserting into the base-
ment membrane of the muscle, which is approximately 90nm. thick
(Fig. 10b). 1In Aiptasia, a similar situation is seen only in the re-
tractor. In other fields the basement membrane is much thicker,
approximately 150nm, and there is no layer of collagen fibers running
parallel to the loné axis of the muscle (Fig. 11). The basement
membrane lies directly on thevdeep layer of the mesoglea, and is con-
sidered to be ‘the equivalent of the superficial layer in Stomphia.

In the deep layer of the mesoglea in both species the collagen
vfibers are organized into ﬁundies which in turn:fgrm a complex net-

- work (Fig. 12). The-pattern qf the network has beéﬁ;studied in

detail in the column of Stomphia, through examination Gf\thick and™

.

thin plastic sections. In Stomphia, the predotinant network is made .

up of two sets of folding lattices. 1In the column, the two sets

of lattices are oriented at 45 degree angles to the long axis of

the muscle and at right angles to each other, and rum diagonally across
the mesoglea from endoderm to ectoderm. In addition to the double

lattice there are bundles of collagen fibers interspersed in the net-

e . N T Ca
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worl which ave orientoed parallel to the muscle fibers.  Also, along

the Junctions of the septa with the colunn, bundles of collagen fibers
L

arv dnscerted inte the colurn mesoplea  and fan out as they cxtend

acress to the cctodern, A1l of the bundles in the mesoplea appear to

interchanpe seme coliapen {ibers with one another  and in this wav the

vhole fravowerl is Toosely spliccd topethor.

Although the orpanization of the networl in the deep laver of the

resoelea is bonically cimilar througliout, the denvit.  nd size of the
. . . . . S
decp laver is variable. The mesoglea in Stomphid 16 much thicler thoan
: 2RO LA

that of Afptasia  in all fields. 1In both species  the mesopleal fibers
arc packed very densely in mest regions  except in the oral disc,

pﬁnrynx and retractor, In these afeas the fibers are pacled more loose-
ly and the netvorl is less rigidi§ organized,

The ¥ifect of ContragﬁgfiL(21 the Hcsog]gﬂz

Chances in the mesogleal network of the colupm of Storplia. result-
ing frem circular muscle contraction were studies, In the whole
animal,'whcn contraction of che circular muscles of the colunn cccurs
with loss of Thydrostatic fluid, the result is a decrease in diametor
without dtcorresponding increase in height. This represcnts an @ -~ ic
contracticn. In the deep layer of the mesoglea, it results in a de-
creased angle between the two lattices of the network and a corrcspoﬁd-
ing increase in the thickuess of the column wall (Fig. 13a). 1t is
more usual, however, that contraction occurs without loss of hydrestatic
fluid from the coelenteron. 1In this casc hydrostatic pressure is
generated by the circular muscle centraction; in the mesogleal network

this causes a decrease in the angles within the two lattices along

the oral aboral axis and results in extension of the column (Fig; 13b).

F %l
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In ecither cave, in the deen lever the offoer of contraction i

u& : .
on the ang les within the netvori the fibers do not bend appreciably
]

and the basic oryanization i3 naintained regardicss of the contraction
state of the ruscles. Contraction soems to affect the superficial
lTaver of the o caploa vory Titelo, a1 the o] Tacen fibers of thic aien

Feoodn o panaliel te the don, axis of the —usele,
TV THE BT IO s ULer GlLL

Dikfarcntintirn in the muscular svaten of actinians takes the forn
of variations on a sinple organization which has an its basic unit the
epithelicruscular cell, A diacram i1lustrating the characteristic
foitures of thic cell tvpe, as 10 occurs throughout the sea ancrone,
is gfvcn'jn Figure 14. 'Typicnlly,kthc cell is in three parts: the
nuscle fiber, which lies on the mesoglea. the cell bpdy, in the
epithcliur, and the peduncle, which connccts the two running throeugh

-
the sub-epithelial nerve plexce.  The fine structure of cach part will

bc‘dcscrjlud ceparately,
The Muscle Filter:

The muscle fiber coentains the myvofilaments and the organclles
asecciated with contraction. Foth thick and thin filaments are prescit,
The filaments are nct arranged into discreet sarcomeres, cond therefore
fall under the pgheral clacsification of "smooth" ﬁyofibrils. Dense
bodies, a characteristic structure in many smooth muscles, have not
been observed among the myofilaments and except for a few microtubules

and vesicles, the mvefilament area is generally free of inclusions.

Two different types of muscle fiber have been observed in both Stomphia

'
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and Aiptasia,
1) 1In Type A fibers (Fig. 15 and 16a), the diameter of the thin

filamentg_is 75A and that of the thick filaments is 180A. The length
of the thick filameﬁts is approximately 1.5u. The overall ratio of
thin to thick filaments 1is approximately four to one, and the average
number of thin filaments associated with one thick filament is six.
The everage distance between thick filament centers {is 490A. Al-
though there is no distinct pattern to the myofilament organizatioﬁ

as seen in striated muscle, it is evident in cross section that the
distribution of thick filaments is not entirely random. - There are many
areas within the fibril that contain only thin filaments (Fig. 15b)

In longitudinal section, this appears as a faint and loosely organized
striation (Fig. 15a).

2) In Type B fibers (Fig. 16b and c), the diameter of the thin .

i

filaments 1s again 75A. The diameter of the thick filaments is

highly variable, ranging from 180 to llOOA, and on the average (2254),
is greater than in A fibers. The length of the filaments is also .
variable; the filaments with the greatest diametertend to be the
Toage -nd can be up to 7 in length. In longitudinal section, a

lar t ading with a period of 110A is visible in the thick filaments
of greatest diameter (Fig. 16c). The filaments dre not as densely
packed as in A fibers; the average distance bétweeﬁ thick filément
centers 1s 650A. - The overall ratio of thin to thick<filaments is
approximately three to one, and the average number ot thin filaments'
associated with one thick filament is five.‘ The regular, clumped

distribution of thick filaments which wés observed in A fibers is only

rarely seen in B fibers. Rather, the thick filaments tend to be

19



distributed irrepularly with the thin filamenteo in associciion ~deaving

filament frec arcas within the fitril,

ihe basic pattern of myoelilaments in A fibers fs e rv oconsistoent .,
L

In B filiers, howevor, the !:x_\'ofij,];n‘.nnt pattern iLs not fixed, but ighl

G~

varfabie, cven vithin one muscele field in difter nt individuals,  The
mH;H variation is in toe mamber, distribution and didmeter of the thick
filawento, as illustrated in Fijure 17, 1n spite of this,
the T fibers are distinguishalle from the A fibers in all cases

The aistribytion of Type A and Type I fibers in Stomphia and
Alptasia ﬁs cdven in Table T. The distribution is similar in the tﬁb
specics, with the possible exception of the tentocle and oral dise
longitudinal muscles and the podai disc circulars. The tentacle and
orai disc circular wmuscles in Stormphia appear to be composed entirely
of A fibers, while in Aiptasia they have both A and B components, oy

'

In Stomphia, the bises of the support cell peduncles often

conﬁuin longitudinz’ly orierted thick and thin filaments although in
some areas only thin filaments have been chbserved. ‘Uhere thick fila-
menﬁs dre preserved the support cells appear to be intermediagc in
structure between epi: iomuséular cells with Type I fibers and the
support cells found in the column and pedal disc ectoderm. It is

possible that the bases of these cells contribute a B fiber component

to the tentacle and oral di¢r longitudinal muscle.

.
[

The distributicn of the two fiber types in the pedal disc circulars

of Stowphia and Aiptasia is not entirely clear. 1In Stomphia, the

circular muscles of the peripheral part of the disc-are composed of A

.

fibers. At a distance of two to three millimeters from the column there

is an ébrupt changeover and the circular muscles from that point to at
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Teast three millimeters inward are composcd of B fibers. The muscle
fjbCr.COMPUSiliOH of the cunggr'of the disc is as yet undeteriined.
The pedal dive of Aiptasic has not bvcn.xrudiod intensively; althouph
only B fibers have becn obser%cd-in th's region, it is possible that
A {ibers nre alsoe present.,

Inc]usjons of the, muscle fiber oyhrr than the mvofilanients are
located udiaccnt to the myofibrLl (Iiy. 14 and 18). These arve the
mitochonérin, mNcrotubules, numerous, %mall electron densue partic]cs
which Afc probahbly glybopcn, sﬁall, electron dcnse.vesiclos, and a
system of clear tubules tcntativciy idontifjﬁd‘ns the sarcoplasmic
reticulum. Although this idcntification'cén net be goﬁfirmod without
the demonstration of the-presénco nf free calcium in the tubules, the
system is very similar to the sarcoplasmic reticulum described in

i

other invertclbrate smooth muscles (MacRae, 1965; Rogers, 19G9).
i

The sarcoplasmic reticular systen is well developed ogly in

Stomphia. In Alptasia it is generally limited to individual membrane

]

sacs, and & 'reticulum" is rarely scen (I'ig. 18b). In Stomphia, the
tubules occur in clusters (Fig. 18a and Fig. 19); they have an. average
diameter of llOnm and are aligned roqghly bgrallel to the myofilagents.
The inner surface of the membrane is coated with elect:oﬁ dense
material and\the luﬁcn cof cach tubule is clear. The reticulum is
present injmoét muscle fields -af Stomphia, and ié well developed in the
retraﬁtorﬁ pariétal, parictobasilay_and sphincter muscles (Fig. 19).

The amoun£ of reticulum in a musclé does not appear to be related to

the type of fiber present.

The muscle fibers are larger in Stomphia than in Aiptasia and in

both species A fibers are larger, on the average, than B fibers. The

5
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average cross sectional arca of A filers in Stomphic and in Aiptania is
n, 2 2 L . . .
3.2 and 1.6pn" respectively. The average crdss sectional arca of B
. 2 .2 ; . .
fibers ds 1.5p7 and 0,0p", respeetively, except in the retractor where
2 2
it ds 0.6p7 and 0.2p7 respectively.

Individual nuscle fiﬁers arc interconnected 1o tevally and at their
cnds by desmosomes (Tig. 20). The desmopomosiénx\n cor .tant inter-
cellular rap of 340Z, and a fibrous laver on either side. Thin fila-
ments and thick filaments of P {ibers can sowmetines be scen cntéring
the end desmoscmes, but do not appear to contact the lateral desmosorcs.
ﬁo other type of spccialized intercellular junction has ‘been observed
between the muscle filers. .

Small, fiﬁgar—like processes of the sarcolemma, approximately

80 to 140nm in diame€ter, are present on many of the muscle fibers

{
(Fig. 14 and 21), In'epfthelial muscle these sarcoplasmic

éxtensions run parallel to thé muscle laver _in the plerus and are
intimatély associated with ﬁhe nervous systemn. The sarcoplasmic
extensions in the mesogleal muscle of ™ omphia arc locaged in the coré
of each bundle of fibers. They are infrequent in Ehe mesogpleal mh;cle
of the tenﬁaclcé and oral 'disc; in the sphincter aﬁd in the column
mesogleal muscle the extensions are numerous and often form a spiral
in,the core 6f the‘muscle bundle.(Fig. 21c nnd‘dl
fhe Peduncle;

The peduncle is a narrow stand of cytqplﬁsm, 80 to 200nm in
diaﬁeter, which passes through the plexus'and conhects‘the'muscle
fiber to its éell body (Fig. 14 and 22). In both A and B fibefs;
the peduﬂcles and Sarcoplasmic extensions have a granular cytoplasm
and contain microtubules, small mitéchpndria, thin'(75A) filamenfs,

-
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and occasicnally, elements of the sarcoplasmic reticulun.,. The
. I3 b4 : 0 . 3
peduncles of B fibers also contoin thick (1704) filaments, in addition
. A

to the other inclusions.
The Cell body;

The fine structure of the cell hody varies with the function of
the epithelium of whiclh it is a part. TIndodermal epithclionmuscular cell

bodivs are gcﬁern]]y digecstive cclls containing lysocomes in varfou.
stapes (Viy. 23). The cells form microvilli ér their apical ﬁu;fan

and have one (rarcly norej fiagcllum wigp a wclJ‘J:velopLd striated root.
In some endodermal cells, an accessory gtrintcd structure of varjable
periodicity has been observed in association with the striated root
(Fig. 24). The long axis of the strhcture is composed of parallel
filaments 80 to 1504 in'djametcr, scparated. from each ofhcr by 2502.’
The major exial period varies from 0.14 to 0.22n. At the dis?ai end of
the structure, the filaments éf the long axis appear to insert onto the

cell membrane, which is gencrally curyed .-ward at the point of in-

Iy
~

sertion, There is no consiscent orientation of the structure within
Lhc cell, either with respect to the cell éurface or to the striated
root (thch form; an angle of approximately'66 degreeé with the cell
suffaée). The structure has been fognd in epitheliomuscular cells of
the mid—colﬁmn of Aiptasia, and above the retractor in both Stomphia

“and Aiptasia.

The Effects of Contraction on the Tine Structure of the Muscle Fiber;

The effect of contraction state on the fine structure of the
muscle fibers was studied, using the retractor and column circular
muscles of Stomphia (Figs.'25—27). These muscles contain both A and B

fibers, and therefore provide an opportunity for investigating the
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possibility that the two types might represent di fferences in con-
traction state of a single kind of nuscle,

In genceral, the cffocgu of isoroﬁic and isomotrft contractiops
were the same, except that in isotonically contracted nuscle  the
myofilmnents were thrown into considerable aiﬁu}ruy in seme arcag,
'A]Lhouyh finger-lile folds of the carvcolerma appearcd in scme areas,
partjcqlur]y in isolonically CUHtIHCtOd‘ﬂUSC]C (Pig. 27d), the contour
of Lh: nuscle fiber usually renained regular and unfolded. The cress
sectionnl area of A And B ijors from the column, -and of A fibers from
the retractor increased with contracticn and docream%i\dth stretch.
The cross scctional arca.;f B fibkers from the retractor increased,
both with contraction and with stretch.

In Type A fibers (Fig. 25 and 27) the areas free of thick

s
filaments which were obscrved in the resting state,:dgsappeared with
contractioh_bu;:were not affected by stretch. No, change qu_dctected
in the diccter or the length of the fhick filaments. In Type B fibers
of the column (Fig. 26) the numper of very large diameter thick
filaments increascd, both with contraction and with stfetch, resulting
in an overall increase in the average diancter of the thick filaﬁents
from ZZSA to 290A. The ayeragellength of the fhick filaments incréased
frob 3.0u to.4.0p.’ In the retractor the filaments of Type B fibers
were sometimes poorly preserved, both in the myofibril and in the
peduncle, ‘and could not be distinguished from the dark sarcoplasm which
-appeared in céntracted muscle (Fig, 27c and d) and to a limited extent
in stretched muscle (Fig. 27b). Nevertheless, some very large diameter
thick filamentsrwere observed in B fibers from contracted and stretched

-

retractor. It seems likely that the thick filaments in these fibers

N\
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respomd in a simtlar vay to contractipn state as those in Type B fibers

from the column. -
V. NERVOL: IRTERACTTON

An extensive deceription of the nerveus system of Stomphia has
rcecently been comp]c}cd by Teteya (1976). This study, therefove, will
include only a bricf report on obS(%§ntjmn5 of svynapses wnd ncuronuscu-
lar junctions in Aiptacia and Stomphiua.

Synapces and neuromuscular junctions can be recopnized in Stomphia
1) an aggregation of vesicics C%osuly apposed to the pre—syhaptic mem-
branc; 2) a synaptic cleft with a uniform gap of approximatcly 2005;

.
3) an incrcased elcctron density in the pre- and post-syvnaptic membranes
of an interneur#l junction. Neuromuscular junctions may occur on thg
peduncles, the sarcoplasmic extensions, or on the muscle fiber direct-
ly. The size and density of synaptic vesicles will bé used almost
exclusively as the basis for characterization of particular types of
synapses and neuromuscular junctions.

Neuromuscular Junctions;

In Adptasia, only one type of neuromuscular junction has been
observed. The junction occurs on the éarcoplasmic extensions or direct-
ly on the myofibril of the longitudiné] (ectodermal) muscles of the
tentacles and oral disc (Fig. 28). The synaptic vesicles aré 48nm in
:verage diameter (range 42 to 79nm) and contain_liéht granular material.

In Stomphia, three different neprohuscular junctions have.been

observed. 1) A junction occurs on the peduncles or sarcoplasmic



extensiong of the A fibers of the retroctor (Fig. 29).  The synaptic
vesicles are 74nm in average diameter: they are dense cored or uni-
formly Tight and sonctimes. appear co]lnpﬁcd. The junction is oboorved
frequently, and on two occacicne, d;sing]c nerve fiber was observed

. . <
innervating at least six mnf‘c}y fibers (Uig. 29a). .'_’)'_N('111‘0111115~:<f1:1;11‘
junctions have been ohserved on the peduncles or sarcoplasmic ox
tensions of fiﬂcrs from the parictals, the column epithelial civeulars,
and the oral disc and pharvnx circulars (endodermal) (Yig., 30). Ald
of these musclevgro compesed of Type B fibers, The synaptic vesicles
of.thc jhncti&%s\n]] hdve a i}mi]nr averape (7lom) and range (58 to
110nm) of diameters and similar appecarance. The vesicles make up a
mixed population, having dense, dense cored or light contents., The
Jargest vesicles tend to be the most densc. Although it is possible
that the jufictions observed in Lhése’ficlds represent input from sever-
al different nerves, they ¢re considered here as a single type of
junction on.the basis of the morphology of their vesicles and of their
occurrence exclusively on B fibers of the endodcrm. 3) In the ecto-
dermal muscle of the tentacles, a nerve {iber from tlie ectodermal

'

plexus descends into the muscle bundles and iunervates .the fibers

(Fig. 31). The neuromuscular junction is most frequently observed

directly on the muscle fiber, although it occurs occasionally on a

sarcoplasmic extension. The vesicles are dense cored or light and

have an average diameter of 65nm.

Synapses; ,

Four different synapses have been observed in Aiptasia (Table II).

«

1) and 2) Two different synapses have'becn observed in the column

endoderm. The first (Fig. 32a and b) is a reciprocal synapse with many
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clear Vcsic]cﬂﬁ GOHQ in average dinmotcr. The tecond (Tig. 32b) is
polarized, and has Iipht ﬁrunu]ar vesicles with an averape diametery of
67ur.  The post-synaptic fiber of thisg synapse is the first fiber,
decceribed above, 3) In thé oral disc and tentacle cctodernm o recipro-
cal synapsce having clear vcsicjas vith an averape d?nmotvr of 78&nr has
been observed frequently.  4) The fourth synapse has been observed only
once, in the plexus of the parictal, near the retractor (Fig., 324d).
It is polarized and has Hght, gsranular Qosic]cx with an average
diameter of 49nm.

Se?cn different synapses have been observed: in Stomphiﬁ (Table IIT).
1) and 2) Two Synapses are present in the ectodermal 5lexus of fhe

tentacles and oral disc (Fig. 33). The first has dense core vesicles

with an average diametcr of 68nm and is polarized. The sccond has

dense or densec core vesicles with an average diameter of 80nm and can
be polarized or unpolarized. 3) In the endoderm of the oral disc and
pharynx, a reciprocal synapse having granular synaptic vesicles ‘with

an éverage diameter of 55nm has been observed.frequently (Fig. 34).

4) In the septa above the retractor there is an unpolarized synapse with

-
.

clear or granular vesicles having an average diameter of 68nm (Fig. 35)..
5) and 6) In the plexus above the'sarietai,musclos there ‘are two synapses
(Fig. 36 and 37). The first (Fig.-36) is reciprocal and has granular
synaptic vesicles with an average diameter of 5lnm. The vesicles in

this fiber, as‘wgll as in the Type 4 fiber described above, are sus-
éeptible to fixation damage and their appearance is therefore quite,.
variable (Fig. 35 and 36). The secénd synapse of the parietal plexus

has been observed only once, It is polarized and has lightly granular

synaptic vesicles with an average dilameter of 68nm (Fig. 37),
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7) 1n the plexus ovurlying“thﬂ sphincter, a reciprocal synapse hag
been observed: the svaaptlic vegdcles ave olear or HehtIy gronular
and have an average disueter of 780, (Fige 38),

‘A nerve fiter has been observod in the doep p]cxus.of the pedal
diﬂr‘cirvuinr muscle  passing cut betieon the mue le fiber:  into the
mecoglea (Fig, 39).  The fiber contains many microtubules and.a pop-
ulation of dense or dense coye vesicles Wiy un average diamceter of
9tim.  The fiber has been observed in rhe cndodermal plexus of the
pedial disc, and in both the endodernal and the ectodermal plexus of
the oral disc, .It is possible that the fiber is also present in the
Oqiodcrmul.plexus of the pedal disc, however, this has not yet been
~confirmed. Although na synapse of this fiber hag ever been observed,
it 1s mentioncd here because itvpossib}yvrepresents a nervoué connec--
tioﬁ between the ectodern and the encdoderm in the oral‘disc and the

pedal disc,
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Discussion of the results will be limited to three topics; 1) the
fine structure of the mesegleas; 2) the function of the sarcoplasmic
extensions; 3) the natare of Type A and Type L fibers, and their sipni-
fichnce in the interpretation of ncLin}un behaviour,

D The Fegecleas

-
The muscle fibers of getinians operate over thedlr length, by de- .

forming the adjac.nt mesoglea, rather than over their ends, ag in in-

gnd vertebrate skeletal muscle. Fach muscle field, therefore,

unit with the underlying mesoglea with which it is functionally

forms
inseparable (Batham and Pantin, 1951; Gutmann, 1966). This intimacy of
functlonal contact between the muscles and the mesoglea imposes very
specific demands on the fibrous organization of the mesoglea and the
relationship of mesogleal fibers with epitheliomuscular cells.

A supcrficial and-a deep layer can be recogpizéd in the mesoglea.
The function of the superficial layer is to providé a surface for
attachmeht of the muscles and to convert shortening in the muscles to
an integrated change in the network of the decp layer. Batham and
Pantin (1951) suggested that the superficial layer of the mesoglea must
be fiberless, in order to follow the folding (buckling) of the muscle
layer which occurs as a result of COnLracfion in an opposing muscle
field. Ghtman; (1966) argued that the shperficinl layer must be.
.composed‘of densely packed fibers, if it were to effectively transmit
tension from the muscle layer to the fiber network:

The results of the present study indicate that there is some

variation in the structure of the superficial layer.

29
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In Aiptasia, except in the retractor, the laver i tx\ﬂnuuszeiij\)f a fin
filamentoas net,  In Stesphia and dn the rotractor of éjpiﬁ:j:) it is
composc’ of densely pacied collagen fibers alipned parallel to th
axis of the muscle fi.crs. The significance of the variation in the
structurc of the superficial laver is unclear. Tt dis toopting to
suppest that the difforenee night relate to the degrec of devilopment
of the nuscle {field. In Stouphia, virtually <1l of the muscle ficlds
are relatively stronplv developed, such that the muscle does not form
a flat sheet, but is foldfd into thg mesoglea: In Aiptasia, only the
retractor nuscle is permanently "buckled" and all other fields form
flat shects lying on theé mesceglea.

if this association holds in other gcnéra, it could be proposcd
that avfibfous supufficial lnycrfcan serve to increasc the effectiveness
of the ruscle fibers located at a distance from the deep layer, so
that the bpckled field can %unﬁtion as an integrated unit in deforming
the decp ;nycr. In the weaker, sheet rwscle fields, all of the muscle
fibers ave closely apposed to the decp laver and can deform it without

.

the specialized fibrous superficial layer. if the fibrous layer is a
réqﬁiremcnt of a burﬁled muscle {ield, .one might ask why itAcould not
be fulfilled by a filamgntous superficial layer. It can be assumed
that this layer in the mkscle fields of Aiptasia, where it occurs,
effectivcly transmits thc\contractlon of the muscles to a tension on
the mesogleal network, and\gt scems that similar forces wbuld be in-~
volved in integrating the contraction of a buckled muscle field. Un-
fortunately, there is not enough knqwn about the forces involved in

contracting actinian muscle fields to be able to answer this question

satisfactorily.
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The function of the deep Javer of the mesoglea 1s to resist the
hydrostatic pressure of the coclenteron and in so doing to pive
support to the aniwal, at Iﬁc came tinme .’L]].m-:.ing free and cffective
movenent of the attached muccle field:-. The‘clc(‘p laver is cempored

N

of a npt\\'urk of interconnrcted fiber tundles embedded in @ fluid or

senifladd matrix. According to Chaplan (195%a) and Lephissa and Mazoio,
(1959),-fhe netvork is organized as a deuble eressced helix of [ibers,
in parnllciﬁthrouyh the depth of the mesoplea.  Cutmann (196€) pointed
out that since the muscle fibers act by deforming the network, it Is
essential for the effectiveness of the muscles that tension in the net-
work be maintained at all times. TIn this regard, he suggested that any
modellof the mcsogléal network must include a majo¥ fiber component
going across, as well as asound the mesoglea. The analysis of the fine
structure of the mesoglea in the column of Stomphia indicates that the
network is madc up of two crossed lattices coriented at right angles to
each other, running obliquely from endoderm to ectoderm. Contraction
in the muscle results in a change in the angles of the network in the

‘oral-aboral direction (with contraction against hydrostatic pressure)

or across the body wall (with contraction and loss of hvdrostatic fluid).

he {ibcrs

The organization of the network is such that tension in t

of the network is maintained, regardless of the extent of contraction

N .

in the muscle, and thus effectiveness of muscle fiber shortening 1is
preserved over a wide range of lengths of the muscle.

The question has been raised of whether or not the mesoglea under-

goes changes of shape at constant volumey-and it has been implied that
during contraction of the muscle, loss of fluid from the mesoglea may

occur (Batham and Pantin, 1951). 1In the mesoglea of the coluun of



Stonphiio, tis oA Il ey ceems te be ounl thelyv, althovgl it is

AN
diffdicult to ooy this question, sinv . . estipation requives dis-
section, ond thus distortion of the net: = [fluld svsten. Howvever,

exaninaticn of ticeuce sect fons corbhined with observations on the whol ¢

animal 1 lxtxi soine speculotion. Tt has been observed that in the column
of Stomihia the mesesTen cither increases in thiclkness (=ith a logs of
coclenteric fluid) or increascs in height (with ryetention of coclen-
fvric fiuid) in properticen to the decrease in ity circunference, result-
ing from contraction in the circular ruscle field. This sugsests tlat
the mesoplea itself hcte as a hvdrostatic system, operating at constant
velune . foreover, there appears to be no outlet for a {luid lOSS'fr?m
the mesoplca. Robéon (1757) observed a considofnb]e subepithelial
space in the area of the nerve plexus of the cctodermal muscdlocp@the—
THum in Mctridium: she supgested that ﬁbvoment'of.fluid between this:
SEtrlerun ~s »
space and the mescoplea miplht providce a means for accomodation of the
mesoglea to contracticn, and also might facilitate adjustmcnt'of the
overlying cpithelium to charges in shape of the nuscle laycf. This
relétionnhip between mus . loepithelium and mesoglea seems unlikely.
With the demonstration by Peteva (1976) of a dense fiber plexus in the
area of the sub-epithelial space, it is clear that the space cannot‘be
nearly as large as Robson had first censidered (previously, recognition
of muéh of the plexus was prevented by fixative-induced damage). 1In
any case, no possible connection between this spaée and the mesoglea
hés been observed; the two are effectively sealed off from each other

i

by the muscle layer.

’
]




2Y  Uhe o sareonlasmic Frtons one s )

The sarceplanmic extensions are narrow strands of cytoplase which
come of f the muscele filer and extend into the fiber plexus in thc case
of an epithelial muscle ficld, or Inte the co.r of a muscle bundle, in
a pesepleal vusele ficltd. The extenvions of cpithelial muccle fields
have often been observed recdiving irmervation, and it is possible that
thev bhave develeped for this specific function. The occurrcice of this

tvpe of neuromuscular junction, vhere the muscle sends a precess out
towards the nerve, ratlier than the reverse, is not uncommon among highes
animals. 1t has been reported in platyhelminths (MacRkae, 1963: Chien
and Koopowitz, 1972), annelids, (Wissocq, 1970; ¥ill and Knapp, 1970),
nematodes (Debell, 1965; Resenbluth, 1965), echinoderms, (Cobb and
Laveracl, 19€7), cephalochordates (Flood, 1966), and in arthrepods
(Atwood, et 21, 1969). It has becn suggested that the extensions might
allowlor compensate for a sparse or distant nervous system, and/or that
they might be the site of intégration of incoming signals to the muscles -
(Chien znd Kocpowitz, 1972). The forner explanation sccms likely for
the sgrcoplas:ic extensions in epithelial muscle fie]ds, particularly

o . :
in regions other thgn the retractor, such as the column, where the
nerve net is quite sparse (Bathem et al, 1960; Chapman, ¢t al, 1962). -

In the sphincter an&hcolumn mesogleal muscle of Stomphia, however,
no neuromuscular junctions hav¢{been cbservkd, in fact nerve fibers are

< oo - ‘

rarely seen in these muscle bundles, yet the sarcoplasmic extensions
can be well developed. 1In the bundles; the exten;ions are shorter and

stouter (in one dimension) than they are in epithelial muscle. They

form foldlike extensions which lie in the core of the bundlc, where the = Ie
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extensions ot all of the movele fibers mingle, and often form o sapiral
confipuration. The function of the extensions in this arrangenent s

unclear. Tt is possible that they serve “chanical function, and
v :

atd in the maintenance of the integrity of the muscle bundles during

contraction er distortion of the nuscle laver.

Tt is clear that the area of contact between muscle fibers in o
¢
bundle is greatly ipcxcnsod by the sarcoplocwmic cxttguiony. Tt in
tempting to Suggusﬁ that the extencions may provide an increased
surfacc ar;u for electrical trnnsmjsgjon of dmpulscs within the muscle.
It is generally occepted that‘the presence of gap iunrtions (nexuscs)
is required for dircct electrical coupling between cells to occur
(Barr and Jakobsson, 1976). No gap junctions have been observed in any
actinion tissue examined so fdr, althcugh o variety of fixatives have
been employedl(crimstonc,‘et al, 1958; Vanl'riet and Doumenc,.l975;
Amerongen ana Peteya, 1976; Pcteya, 1976). This would zrgue égainst-
the possiliility that non-nervous conduction occurs in ucfiniaqs.
However, it has recently been demonstrated that electrical coupling
cccurs in the absence of specialized junctions in some vertebrate
smooth muscles, and it has been suggested that "nexus-like" structures
;

invoked in electrical coupling in some tissues have been produced by
swelling damage (Daniel, et al, 1976). It is perhaps possible then,
that electr%cal coupling occurs beLwegn the muscle fibers of actinians,
.and the sarcoplasmi; extensions may be the site of coupling in the
sphincter and the column me: zleal muscles. However, where epithelial
conduction has been d;monstrétcd in the Cnidaria, it involves sléw

conduction (Josephson, 1974) and the sphincter and column hesogleal

muscles are capahle of fast contractions. Until more is known of the

5T T
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factors dinvelved in the excitation of the muscles in actinians, the

rolé of non-nervous conducting svstems, if they exist at all, cannot

»

be c¢viluated,

3) The Xoture of Type A awd Type B Til ere st

Tt is well established that some muneles of actiniens are capable

of fast and slow contractions, while others are capable of only slow
v ﬁ

-eentractions (Bathow and Pantin,. 1954 hous, 1957: Pantin, 1964 and
1965; nobson and Josephson, 1969; Jose"p‘}x::nn, 1974y, The sphin‘cter‘of
Eg;_r_,l;d_iuﬂ and of L_ﬁl’le%, and the retrnc‘tor of _Tig_t_rj‘(ii_tlnl .wj 1Ll give

a slow contractjon i respouse to low freqﬁency stimufﬁtibn and a fast
contraction folleowing high frquency stimulation., On the othcf hoond,
the column circular muscius.of~ﬂg£££digg wi;l-odly cOntfac: f"wly, ..

regardless of the frequency of stimulation. ‘The mcchanisn undexlying ¢
the capacity. for quick and stow contractions in a single r.cle field
is urknown. The possibility that the different contractions were due

to the presence of two kinds of muscle wvas dismisscd carly; the

histologists could recognize only one type of muscle in tissue sections

(Batﬁam and Pantin, 1951; Robson, 1957) ahd with diréct observation
of the con;raéti;é muscle field it appeared that the entire field was
involved in bﬁth'typcs of contraction (Dafham and Pantin, 1954; Ross,
1957; Pantin, 1965). Further support for the idez of a single muscle
tyﬁe came from the.first electron microscopec study on actinian muscle

by Grimstone, et al (1958). 1In the mesenteries of Metridium they ob-

- served a single type of muscle, however, their fixatives failed to

presérve the thick filaments. Recently, Peteya (1976) obsgrved two
diffcrenﬁ muscle types in Stoﬁphia, which he distinguished on the basis

of thick filament diameters. He was, however, unable to state whether

-

pe
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these tuo T:‘L.l.‘S(l,]O Ly}mgs represented differences dh contraction state of
nrsingle kind or muscele, or twa morphologically distinet kinds.  Tn this
study, the prescncce of vthb two types of ruscle in Stouphiia 11;.15 been cons-
firmed, and has been éstablishied for a second species, Aptasia, and

the distibutlion of the two types in the various muscle fiv%dg of both
‘apoecies has been rapped. In addition, the cffect of centraction ou the
finc structure of the two types has been invcstigat’cd,‘ and there ia now
strong evidence vhich suggests that the two £YPCS\TGPYLSLnt two morpho-
logicnily distinet kinds of muscle.

’Ihe ﬁajﬁfﬁdiffercnce between the two types of muscle is in the
structure of the thick filamcnts of the myofibril, The thick filaments
of Tyﬁe A fibers have a relatively constant diameter of 180A, and are
approxirately 2u in length. In Type B fibofs, the thick fil&ments have
a highly vériable diameter, ranging from 180 to 1100A (average = 225&)
and cén be very long (up to 7u). In longitddinal Sectioﬁs, an_axial
striation with a period of approximately 110A isvvisible>in the fil-
aments. .It is unlikely that‘the differences occur as‘a resq}g/af”fiﬁ—
ation artifact. The two types of muscle have been observed side'bf
side, under identical conditicns of anaesthesia and fixation. TFurther-
more,vthey have becn observed repeatedly, in the. same muscie fields,
in different individuals, in different species, and with several dif-
ferenf fixatives (Peteva used sevéral figatives and did most;of his
work with a modified Cavey fixation). |

The possibility that Type <A and Type B fibers mighf/represent
different conﬁraction states of a single kind of musclé has been
considered. Since both typés-occur when»the tissue is fixed after

H

ﬁagnesium narcotization, this would mean that one of the muscle types

N ’ » -
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was being stimulated by a mechanism dnsensitive to mapnesiun,

It has now bceﬁ demonatrated that there Is no change either of A fibers
into B fibers, or of the reverse, as a result of centraction in the
retractor or the column circulars of Stomphin, BDoth types of fiter,
however, do show some chﬁnﬂo‘wjth Contrucrioﬂ: This.jn capecially
marked in B fibers, where the nurberYoY large dim:mu;r thick filaments
increases. A sfmj]nr change has Been reported in the lonpitudinal
muacle of the tcntaclos.of Chrysacra (Scyphormedusae) and has been at-
tributed to the effectys of contrnctiqn state (Perkins, et.al, 1971).

In A fibers, no differcnce was observed in the dimensions of the thick
filaments from reclaned and contracted.muscles. Tt can be concluded,
therefore, thSt'A and B fibers do not result from different contraction
states of a single kind of muscle. Althouph changes d& occur as a
result of contraction, and in Type‘B fibers these changes invelve the

2 i ‘ o
thick filampnts, no change from one type of fiber into the cther occurs.
.It is very likely then, that A and'B flbers represent two mor-

~phologically distinct kinds of muscle. Before discussinh the function-
al signifiééﬁce of this difference, the naturc of the thick filaments
in A and B fibers must be considered. The thick fi]amentsfof fype A

fibers are similar in fine structure to the thick filaments of a variety

of other muscles from both vertebrates and invertebrates. These include

the muscles of Hydra (Haynes,'et al, 1968; Slgg;;crback,‘19§7; Chapman,

1974), the muécles of EEEEELQEQ (Rlatyhelminthes) (Ma;EZ:,‘l965), thq
‘fast adductor of EEEEED.(Nisbet>an§ Plumﬁer, 1968) and the)mantlc muséle
of Octopus (Hanson and Lowy, 1957; Kawaguti, 1962), (Mollusca), some
muscle cells in the body wall of Lumbricus kAnnelida) (111 and Knapp,

) 1970), many somatic muscles of insects (Maruyama, 1965), the blood

!3'!,» RS i



vessel muscle In Sibﬂ&LEHBT (Pogenophora) (Jensen and Hyklubusr,
1975), some nuscles of Jgggggjjqugyl (Fehinodermata) (JLHSCH, 1975),
and vertebrate skeletal musele (}In.\'lcy.:111(];]1:111:‘.01), 1460).  The thick
filaients from these mus;los have a relatively constant Tength and
diameter, both of vhich are small, and they show ne mavked axial
striation: it is this type of thick filament vhich js preszent in mont
cross-striated muscles., Vierever thesc fi]“m(;ts have bean {selated
and characterized, it has been demenstrated that they are composced of
ﬁyosin (MaruyamaL 1965; Hassclbach and Schncidvr,n1951; Huxlui and
Hanson, 1957).

The LhicL filaments of Type D fibers closely resemble the thick
filaments of the tentacle muscle OfVEDIXéEQFQ (Perkins, et al, 1971)‘as
mentioned above, the tonic adductor nuscle of many molluscs (Hanson and

Lowy, 1960; Sobiescek, 1973; Cilloteaux,1976) the body wé]] muscley
'éf nematodes (Watersdn, et -al, 1974), the body wall muscles of annelids
(Mil1l ang Kﬁhpp, 1970), the somatic and 'visceral muscles of somé
echinoderms (Bacetti and Rosati, 1968; Dolder, 1972), the longitudinal
muscle in the tentacleg of a pogonophéran (Gupta and Little,. 1969;, Gupta,
et al, 1966), and some slow muscles of arthropods (Fahrenbach, 1967),
The thick filaments sf these muscles, have large and variable diameters,
are usu.lly quite long, and show a charaétcristiq axial periodicity of
approﬁimafely 1403. -Wherever these filaments have been characterized,
‘it has been shown that they are composed of paramyosin (Tropomyosin A)
and myosin (Hodge, 1952{ Locker aﬁd.Schmitt, 1957; Laki, 1971). Szent-
Gyoré?i, et al (1971) have demonstrated that the paramyosin forms the
core of the‘filaments and myoéin is present as a surface layerp The

amount of paramyosin in the core is variable, and accounts for-the wide

<«
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ringe In the average diameters Gf the paramvesin filament s inldiff(rvnr
mﬁac]cs. The finc Ltrncturgl characterictics of thick filaments from
A and B fibers from '{lt'_‘l‘liﬂ’_i.",‘; amd Aiptasia ceoincide very closely with
t o characteristics of thick i‘i]:i.r'u_-ntf‘. composed of myosin  and paramyo-
sin.  Thorefore, 1t scoms Tikely thet the filaments ()f A fibers are
cv pchd of myvosin and tﬂosc of B fibers are composcd of paramvosin,
Several dnterreiated Serctnfnl fectures.are knovn to influence the
intringic preoperties of contracticn in a muscle, .and there must be
taken into account in an intcrpretation of*thc functional implications
of A and B fibers in Stomphia snd Aiptasia. 1) The sarcemeric organi-
zation of mvofilaments, as in obliquely striated and cross striated
muscles, rather than a comparatively random organization, as in smooth
muscles, allows a more rapid develepment of tension. 2) The prescnce
of a paramyosin core in thé thick filaments enhanccs the ability for

maintenance of tension over prolonged periods, with little expenditure

“of cenevgy (Riegg, 19715 Toida, ct al, 1975; Szent-Gyorgyi, et al, 1971;

Colien, et -al, 1971; Jewell, 1959),

The ATPase activity of myosinfiﬁflqonces the-ratc of tension
development';h bath myosinic nd paramyosinic muscles (Rﬁegg, 1971;
Barany, 1967). 1In general, the AlPase activity of thick filamgnts in

myosinic muscles is rélatively high and tension development is rapid.

-

The ATPase activity of myosin in pa:aﬁyosinic muscles is relatively low,
possibly due tp an'inhibitory effect on .the enzyme actjviﬁ? by)paramyo—
sin (Szent-Gyorgyi, et gl, 1971). 3) The length §f the thick filéménts
influences the speed of tensioﬁ develcopment and relcase; with longer

thick filaments, the réte of.tension devglopment is less (Szent—Gyorgyi,

et al, 1971; Riegg, 1971). 4) The‘amount of sarcoplasmic reticulum
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present, and the extent of its association with the myofilarents
fufloences the latency (t1V'v("1)(-l'\Jocn stimulation and oncet of con-
traction) and the speed of relaxation (McGuffee and Bagby, 1976;
Tomanck, 127¢).

Three of the factors listed, thn applicd te the structural .
featuvres of A and B fibers lead to the sugpestion that A {ibers are
likely to be caypable of phosic ¢ ntractions, while B fibers arc porhaps
more tonic. 1) A%though Loth* A and P fibers fall into the categpory
of "umooth" muuclcé, the myofilaments of A fibers are arranged in a
more orderly way than those of B fibers and show a faint safcomgric
organization. 2) As described above, it scems that the thick filamcn!s
of A fibers are composed of myosin, while those of B fibers contain
parumyosinj 3) The thick fi]amdnts in B fibers are longer, on the
avcfnne, than those in A fibers. Since the_amount of 'sarcoplasnic
reticulum in the muscles of Stermphia and Adptasia is not related to the

_ “
presence of A and B fibers, this factor must be considcrgd independantlye
in drawing correlations between the {ine structure and the function of
the various muscle‘fields.

The distribution of A aﬁd B fibers in Stomphia and éiﬂﬁﬁilﬁ is,
for the most part, consistent with the disFribution of fast and slqw
muscles. All actinian muscles so faf investigated afc capable of slow -
contraction; some muscle fﬁclds are also capable of fast contraction
(BathamZ et al, 1960). 1In Alptasia, the retractor muscles, and the
Feutacle and oral disc longitudinal muscles are capable of fast con-
traction (King, personnal‘éommunibafiqn; pérsgnnal observation). All

three of these muscle.fields are comﬁoéed mainiy of Type A fibers,

while the remaining fields are composed mainly or entirély of’Type B
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fiberﬂ. I Stemphia, the retractor, the sphincter and the tentacle and
oral disc longitudinal muscles arc capable of fast coniraction (Hovle,
1900). Beth the retractor and tho'sphinctcr have A and B {iber compo-
nents.  Althouph the tentacle and oral djsc'musc]cs appear to be com-
posed entirely of A fibers, it is possible that a B fiber compoenent is
contributed by the (mye?)~filaments in the bnscﬁ of thclnupport‘cg]]
puduncles,

“The specialized swinming behavior of Stonplis requires fast con-
tractions in nuscle fields which in other species, are generally
capable of slow contracticns only. Prior to swimming in Stomphia, the
pedal dicc detaches Trather suddenly_ fro&Itﬁe sgbstratum. This re-
lease involves the formatién of a ridge between the pcdélfééée and the
center of the disg a turpid cone is formed bv the cegter of the disc,
and persists during swimming (Robson, 1961; Ellis, et al, 1969). The
pédal disc circular muscles are composed of Type A fibers on the peri-
phery and Type B fibers towards the center. It is possible that the
A fiber component contributes to th; fapid release oﬁ the disc, while
the B fiber component is responsible'fof the turgidity of the centrél
cone. Following the detaéhment of the anemone from the sﬁbstratum,>a
rapid beristaltic wave passes @own the column, and causes clongation
of the animal (Robson, 1961); the mesogleal ci;cular muscles' are com-
posed of A fibers, and proBably effect.this rapid c?ntracpion. The
epithélial circular muscles are composed of Type B fibers; prolonged N
rtonib contraction in these muscles can account for the maintenance
! high hydrostatic pressure throughout s?imming. The parietobasilar

muscles in Stomphia are théughﬁ to be responsible for the quick flex-

lons of the column during swimming (Sund, 1958; Robson, 1961). Hoyle




(1260) dewe.. trated the capacity for fast and slow contracticn in the

parictclasilars, although he mentioned that 16 was not possible to
distinguish the reactions in these muscles from those of the parietals,

)

The pnrivtobuﬁilars are composed mainly of B {ibers, supyesting a tonic
function; however, the I fibers contaln 5 large ameunt of sarcoplasnmic
reticulum, comparchle te that scen in the retractor and the sphincter,
Thus, it scems that a combination of factors may be in operatior, de-
ternining the ovcrul]“pattcrn of contraction in this muscle.

The correlation botwocn‘tho distribution of A and B fibers with
that of many known fast and slew musc¥eu in. Stomphia and Aiﬂﬁiﬁiq can
explain, to some extent, the nature of the differentiation within the
muscle system of these two anemones. TFurther study is rcquifed before
the functional significance of this diffarentintion can he fully‘under—
stood. It would be must profitable to develop a wider knowledge of the

fine structure of neurcmuscular systems in other specics of actinians,

particularly in Calliactis parcsitica, 'since both the bLehavior and the

neurophysiology of this specics have been so well studied.
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PLATE 1

Figure 1. Diagram illustrating the general anatomy of an actinian;
Co, column; D, pedal disc; Gf, gastric filament; Gv,
gastrovasular cavity (coelenteron); Od, oral disc; P,
parietal; Pb, parietobasilar; R, retractor; S, siphonoglyph;
T, tentacle; X, pharynx; arrow in mid-column region
indicates the location of the longitudinal sections
drawn in Figure 2.
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Figure 2.

PLATE 2

Diagram of a longitudinal section through the mid-column - .
region of a) Stomphia and b) Adiptasia 1llustrating the

general histology. Ay, amoebocyte; Ec, ectoderm; Ed,

endoderm; Em, epithelial muscle; Fp, fiber plexus; G,

gland cell; O, mesoglea; Om, mesogleal muscle; Sc,

support cell. The magnification is approximately 400X;

cellular and mesogleal detail 1s exaggerated.
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Figure 3.

Y o

PLATE 3

The organization of epithelial and mesogleal muscle fields.
a) cross section of epithelial muscle fibers from the
column circulars in Aiptasia; b) cross section of folded
(buckled) sheet of epithelial muscle fibers from the

column circulars of Stomphia: <c¢) cross section of mesogleal
muscle fibers from the sphincter of Stomphia. Mf, muscle
fiber; 0, mesoglea; Bars = 2u.
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Figure 4.

PLATE 4

The subepithelial space (asterisks) in endodegaal epithelial

muscle of Stomphia. a) circular muscle of dral disc;
b) epithelial circular fuscle of column; c) retractor.
Bars = 2p.
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Figure 5.

PLATE 5

Diagram illustrating the location of the muscles of the
septa in a) Aiptasia and b) Stomphia. The septa are

cut in cross section, in the mid-co6lumn region. Fp,

fiber plexus; Jc,_jdnction of septum with column; Jx,
junction of septum with pharynx; O, mesoglea: Om, mesogleal
muscle; P, parietal; Pb, parietobasilar; Pbf, parietobasilar
fold; R, retractor. The magnification is approximately
500x.
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Figure 6.

Figure 7..

Figure 8.

2
>

Longitudinal section of the
and ‘the siphonoglyph,~11}usjg

sphincter. To the right of¥

micrograph and below it’, the

longitudinally oriented. At
a three-fold increase in the
orientation of the fibers is

PLATE 6

P
o

bgfen theoral disc
#5iphonoglyph

... ‘{wn onvsse‘
ctodermal muscle™s
the sipﬂ%nog;yph, there is

size of the muscle. The
circular, as shown (cut in

cross section). Ec, ectoderm o: the siphonoglyph; Mf,
muscle fibers; O, mesoglea; Bar = 3.

Light micrograph of an oblique section through the
Junction of a tentacle with the column in Stomphia. Note
the connection betweer the tentacle longitudinal muscle
(T1) and the sphincter {S). Bar = 50u. 1

Light micrograph of a cross section through the junction
of the oral disc with 'a septum in Stomphia. Note the
connection between the oral disc longitudinal muscle (0dl)
and the beginning of the retractor (R). Bar = 50u. -
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PLATE 7

Figure 9, Light micrographs of cross sections through the junction
- of a septum with 'the pedal disc in a) Aiptasia and b)
Stomphia. Note the connection between the basilar muscle
of the septum (arrow) and the pedal disc ectoderm (Ec).
Cm, circular wmuscle of pedal disc; S, ‘septum Bar = 50u.
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Figure 10.

Figure 11.

PLATE 8

The basement membrane and the mesoglea in Stomphia.
a) mesoglea in the column; note the sharp boundary
between the superficial layer (0s) and the deep 1:

(0d). Bar = 2u. b) the basement membrane “(Bm) of 4

muscle fiber. Bar = 0,5u.

The basement membrane and the mesoglea in Aiptasia.
Note the thickness of the basemeni‘membrane (Bm) 1in

Alptasia compared to that in'Stomphia (Figure 10b).
Ay, amoeboc: -; 7d, deep layer of the mesoglea;

Bar = 0.5u.
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PLATE 9  «

Figure 12. Diagrammatic representation of the two crossed lattices
in the deep layer of the colump mesoglea of Stomphia.
The orientation of the muscle fibers in the endoderm
is indicated "Mf). Ec, ecto;?érm; Ed, endoderm; O,
mesoglea, 'f.q
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. Pigure 13;

PLATE 10

Diagrammatic representation of the effect of contraction
on the mesogleal network in the column of Stomphia. '
a) contraction of the circular muscles against hvdrostatic
fluid in the coelenteron generates a force (H) along

thé oral - aboral axis of the animal apnd results in an
increase in height of the column. b) contraction of the
circular muscles with loss of fluid from .the coelenteron
results in an increase in the thickness of the column.
P, direction of fore# in mesoglea; Ec, ectoderm; Ed,

.endoderm; 0, mesoglea; T, direction of pull of circular

muscles.
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&  PLATE 11 . ~ L
. PLATE 11

-

. ‘ \ .
Figure 14. Diagram illustrating the. typical features of an endodermal
epitheliomuscular cell. The cell is in three parts; the ,
cell body contains the nucleus (N), endoplasmic reticulum
(Er), mitochondria (A), lysosomes (Ly)s#fd other vesicular
inclusions, a golgi apparatus (Ga), which is usually ..
assoclated with the striated root (St) of the flagellum- ~—
(Fm). The cells have a microvillous border (Mv) and are .
joined apically by septate desmosomes (Ds). The peduncle
(P) connects the cell body and the muscle fiber (Mf), ’
and contaists mitochondria, small electron dense vesicles
nd thin filaments (F). The muscle_fiber contains the
yofilaments (M), mitochondria, gl?ZEan-granules (Gy),
sarcoplasmic reticulum (Sr), microtubules (T) and small
lectron dense vesicles. The sarcoplasmic extension (Se)

hay the same Inclusions:as the peduncle. Individual
muscle fibers: are connected at their ends by desmosomes
(De). ’
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Figure 15,

BLATE 12

Type A fibers from the tentacle ectoderm of Stomphia:
a) in longitudinal section ; b) 1In cross section.
Note the loosely organized striation visible in the
fibers in longitudinal section. Arrowheads indicate
thick filaments; arrows indicate areas free of thick
fi{laments. Bar = lu.

b



¢
f
3
<
t
w
-
.




Figure 16,

PLATE 13

X

AN
Type A (a)-ﬁhd Type B (b) muscle fibers. Note the
difference in the thick mvofilaments of the two p
fiber types. . ¢) Longitudinal section of a Type B
fiber thick filament showing the 110A axial pericd

(arrows). Small arrowleads indicate thin filaments:

large arrowheads indicate thick filaments. Bars =
125nm. '
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Figure 17.

o

LB
PLATE 14 .

.

Tybe B fibers from a) the oral disc circular muscle of
Stomphia, b) and c) the parietal of Stomphia, c) the
parietal of Aiptasia. Note the variation in the size

- and arrangement of the thick filaments (arrowheads),

and the variation in the density of the sarcoplasm,

Bars
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b) Aigt'asia. In Aiptasia, the sarcoplasmic reticulum
(Sr) in most fibers is limited to individual membrane _

& .
. 3?7‘; sacs (arrows). A, mitochondria; Gy, glycggen granules;
' M, myofilaments; V, electron-dense vesicles. Bars = 1lp.
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fpmt Figure 20. Desp;‘)spg}ee‘:"“t;rg present at the ends (a and b)gpd on the
. " latera °sﬁﬁgc‘es (c and-d) of the muscle fibers. The
) thin S&Y¥eluts (small arrowheads) of ?‘-'ﬁlbets and the
C o v - thick { i*g¥" arrowhead) and thig f mgn;s\ﬁB.ﬁ.'bers’b
‘ca\be seen Punning into the end de8mosomes” " a) and c)
. , Bars k 0.25u. ,b) Bar = 0.5u. d) Bar = 1u. ‘ o o
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v
t

Figure322 Peduncles in a) the retractor and b) the paéietal of’
a Sgomghia Note the filaments (f) in the B fiber peduncle
in €a). Fp, fiber plekus; arrows indicate peduncles.
a) Bar®= ln. b) Bar = 2u.
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Figure 224 The epitheliomuscular cell body in a) Alptasia, and b
b) and c) Stomphia.. A, mitochondria; Ds, septate - P
" desmosome ; .Er, endoplasmic reticulum; Pm, flagellum; Ga, ‘::
golgl apparatus; Li, lipid; Ly, lysosome; M,. Yof’i-laments%i?,ﬁw&:'- L 2
N, nucleus Stge striated root; Vi, microvilli¥FBars = 2. ,}‘ a e
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g}gure 24, The stridted root and’ the accessory striated structure

5
;%a‘w‘

in the septum of Ai tasia (a and b), the column of

‘Aigtasia (c), and the septum of Stomphia (d).

arrows, striated-’
structure; small
: Indentation. of t .
endoplasmic reticulum;

.
)

pws ,

R ' «,

open’ arrows,

accessory striated

Solid

ending of- filaments 'on-an

.

J membrane; -Cr, centriole; Er,
a, golgil apparatus.
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Bgrs = lu.
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Figure 25,

PLATE 22 °, . '
The effect of contraction on the mesogleal muscle

(Type A) of the column in Stomphia. a) cross section
and b) longdtudinal section of the muscle fibers in

i the resting state. Arrowheads indicate areas free of
thick filaments. c) cross section and d) longitudinal

section of the muscle fibers during isotonic contraction.
Note the absence of areas free of thick filaments in
contracted fibers. Bars = 1y, :
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Figure 26,

PLATE 23

The effect of contraction on the ‘epithelial muscle
(Type B) of the column in Stom a) and b)
Longitudinal sections of the musc fibers in the
resting state (a) and durihg isotonkc contraction
(b). <¢) and d) cross sections of t muscle fibers
in the resting state (c) and during isotonic
contraction (d). Note the increase in the number

of large diameter thick filaments during contraction.
a) and b) Bar = ly. c¢) and d) Bar = 25,
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Pigure 27.

PLATE 24

The effect of stretch and contraction on the retractor
of Stomphia. The retractor a) in the resting state;
b) while the muscle is passively stretched. Large
asterisks, Type A fibersjsmall asterisks, Tvpe B
fibers. Bar = 1lp. ~ :
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Figure 27.

\ PLATE 25

(cont.) The effect of confraction and stretch on

the retractor muscle of Stomphia. The retractor

¢) during isometric contraction; d) duering isotonic
contraction. Note the absence of areas free of thick
filaments in A fibers during contraction. Large
agterisks, Type A fibers; small asterisks, Type B
fibers. Bar = 1y, '
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PLATE 26

Figure,2é¥ Neuromuscular junctions (arrows) in the tentacle and
. oral disc ectoderm of Aiptasia. a) On the sarcoplasmic
extension; b) directly on the muscle fiber. Bars = 1u.
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Figuré 29,

PLATE 27

Neuromuscular junctions (arrows) of A fibers in the
 retractor of Stomphia. Bars = 1pu.
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Figuref30;

Figure ‘31.

PLATE 28

‘Neuromuscula: junctions (arrows) on the peduncles (P)

of a Type B fiber from the column circulars (a) and
from ‘the parietal (b) in Stomphia. Bars = 1n.

Neuromuscular junctions (arrows) 4n the longitudinal
muscle (ectoderm) of the tentacle of Stomphia. Note

.~ that the junctions are directly on the muscle fiber.

It

Bars = 1pn.
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Figure 32.

PLATE 29

Synapses in Aiptasia. a) and b) in the column endoderm;
c) in the' ectoderm of ‘the tentacles and oral disc;
d) in the septum, above the parietal. Bars = lu. e
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PLATE 30

Figure 33. Two different synapses (arrows) in the ectodermal plexus
of the tentacles and'oralQéisc of Stomphia. a)Bar = lu;
b)Bar = 2u.

~
C—

Figure 34, Synapse (arrows) in the endodermal plexus of the oral
disc and pharynx of Stomphia. Bar = lu.
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Figure 35.

Figure 36.

y

PLATE 31

Synapses (arrows) in the endodermal plexus overlying the
retractor in Stomphia. The synapse in a) and that in
b) represent extremes of the range in appearance of this

synapse. Bar = 1lp,

Synapses (arrows) in the endodermal plexus overlying

. the parietal muscle in Stomphia. The synapse in a)

and that in b) represent extremes of the range in appearance
of this synapse. Bar = 1y,






PLATE 32

Figure 37. Synapse (arrows) in the endodermal plexus overlying the
/- parietal. Bar = 1lu.

Figure 38. Synapse in the endodermal plexus overlying the sphincter.
Bar = 1u. '
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Figure 39,

PLATE 33

Nerve fiber (arrowheads) observed in the endoderm of

the pedal disc and the oral disc, and in the ectodemm
of the oral disc of Stomphia. 1In the pedal disc, the
fiber passes into the mesoglea, as illustrated, and )

"possibly represents a nervous connection between the

endoderm and the ectoderm. Bars =0,55.
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