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Abstract The larvae of the ascidian Ciona intestinalis
from which the chorion with the test cells and follicle
cells were removed developed normally without the test
cells until the early tailbud stage. A number of round-
shaped cells morphologically similar to the test cells but
with different lectin affinities and autofluorescence, then
appeared on the neck region of the demembranated em-
bryos. The new cells had three different types: round,
particulate, and granular, and these cells increased in
number after the late tailbud stage. The morphology of
the adhesive papillae, tunic layers and epidermis of the
demembranated larvae was similar to that of control lar-
vae; however, the affinity to lectins was different in the
swimming period. Control larvae attached to the substra-
tum after the swimming period, resorbed the tail com-
pletely and underwent rotation of the visceral organs.
Conversely, rotation occurred before completion of tall
resorption in the demembranated larvae. Furthermore,
the metamorphic events progressed more slowly in the
demembranated larvae. These results suggest that the test
cells play important roles in normal development and
morphogenesis of ascidian larvae.
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Introduction

Test cells, which are located on the periphery of the
ovarian oocyte in most ascidian species (Conklin 1905;
Kowalevsky 1871), are extruded into the perivitelline
space upon ovulation and remain there until hatching. A
number of roles have been proposed for the test cellsin
the events that occur between oogenesis and hatching,
including provision of nutrients for the oocyte during
vitellogenesis (Gianguzza and Dolcemascolo 1978;
Harvey 1927; Kessel and Kemps 1962; Mancuso 1965),
production of hatching enzymes (Knaben 1936), synthe-
sis of pigment (Kessel and Beams 1965; Kessel and
Kemps 1962), and incorporation of vanadium into the
oocyte (Kalk 1963).

Kupffer (1870) first suggested that test cells contrib-
ute to the formation of the tunic at the tailbud stage, and
this has been supported by subsequent observation of in-
hibition of tunic formation in demembranated embryos
of Ascidia nigra (Smith 1967), Corella inflata, Ascidia
paratropa, Styela gibbsii, Cnemidocarpa finmarkiensis,
and Boltenia villosa (Faulkner 1970). Satoh et al. (1982)
described the characteristic locomotion of the test cells
at the time of tunic formation and suggested that they
participate in tunic differentiation in Halocynthia
roretzi. Using demembranated Ascidia larva and Corella
larva, Cloney (1990) indicated that the test cells do not
participate in fin morphogenesis, but that the contents of
the test cell are deposited on the tunic as the “orna-
ments” in the tailbud stage, making the tunic hydrophil-
ic. This role as ornaments was later shown in many as-
cidian species (Cloney and Hansson 1995). Experiments
using monoclonal antibodies raised against the test cells
have recently shown that the cells secrete some materi-
als that participate in the formation of the tunic orna-
ments before hatching in C. intestinalis (Okada et al.
1996).

The test cells peel off with the chorion from the em-
bryo during hatching of the ascidian larvae, but in
some species the cells remain on the outer cuticular
layer of the larval tunic throughout the swimming peri-



od to the start of metamorphosis. We have previously
shown that the test cells, which are distributed equally
on the surface of embryo before hatching, become ac-
tive and migrate across the surface of tunic and finally
gather at the tip of the neck of the trunk region, and
align along the lateral sides of the tail region at the late
stage of the swimming period in C. intestinalis (Sato et
al. 1997). Furthermore, electron microscopic studies
have shown that the test cells protrude pseudopodia and
invade through the tunic layers to extend to the surface
of the epidermis or the sensory cilium at the late stage
of the swimming period in C. intestinalis (Sato et al.
1997). Since the sensory cilium is considered to be a
mechanoreceptor (Torrence and Cloney 1982), we pro-
posed that the test cells play arole in signaling for the
induction of metamorphosis including tunic modifica-
tion, adhesive papillae retraction, attachment of the lar-
va to substratum, tail resorption, and rotation of the
visceral organs.

In the present study we removed the test cells togeth-
er with the follicle cells, chorion, and fluid of the perivi-
telline space from fertilized eggs of C. intestinalis and
cultivated the eggs to the juvenile stage. Morphological
and histochemical evidence suggest the role of the test
cells for development and metamorphosis in C. intestin-
alis.

Materials and methods

Collection of adults and culture of embryos and larvae

Methods for collecting adult of C. intestinalis and gametes and for
insemination of eggs were the same as those described previously
(Sato et al. 1997). Several fertilized eggs were transferred slowly
by mouth pipette into a plastic dish with 20 ml ASW containing
460 mM NaCl, 10.1 mM KClI, 9.18 mM CaCl,, 35.9 mM MgCl,,
17.5 mM MgSO,, buffered with 10 mM HEPES at pH 8.2. The
chorions with the follicle cells and test cells were removed from
the fertilized eggs (demembranation) with sharpened tungsten nee-
dlesin the period between the first and second ooplasmic segrega-
tions or between the second segregation and the first cleavage. De-
membranation by pronase was also carried out by the method de-
scribed previously (Mita-Miyazawa and Satoh 1986). The eggs
were placed in a plastic dish coated with 0.9% agar and filled with
ASW and rinsed several times by adding ASW containing
100 U/ml penicillin and 200 pg/ml streptomycin. Residual test
cells were completely removed during the washing processes.
Each demembranated egg was then transferred to an agar-coated
plastic dish 3 cm in diameter, filled with 1.5 ml ASW containing
100 U/ml penicillin and 200 pg/ml streptomycin and the demem-
branated embryos or larvae were cultivated at 18+1°C until the
completion of metamorphosis. Embryos and larvae were observed
and photographed with a dissection microscope (SMZ-2T, Nikon,
Tokyo, Japan) or Nomarski differential interference contrast optic
microscope (Optiphot, Nikon, Tokyo, Japan).

Autofluorescence observation

Living swimming larvae and demembranated larvae at stage 1-3
(see Sato et al. 1997) were placed on a glass slide, covered with a
cover dlip, and observed under fluorescent microscope with UV
excitation (Optiphot, Nikon, Tokyo, Japan).
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Lectin and Alcian blue staining

Fluorescein-labeled lectins, dolichos biflours agglutinin (DBA),
jack bean agglutinin (ConA), peanut agglutinin (PNA), wheat
germ agglutinin (WGA), soy bean agglutinin (SBA), and Ulex
euroaeus agglutinin (UEA) (Vector Laboratories, Calif., USA)
were diluted with ASW at a ratio of 1:2000. Live swimming lar-
vae at stage 1, stage 2, or stage 3 were incubated in ASW contain-
ing a fluorescent lectin for 1 h in a moist chamber at 18+1°C in
the dark. The larvae at each stage were also fixed with 4% forma-
lin in ASW for 10 min, and then lectin treatment was performed
following the same procedure. Fixed larvae were washed exten-
sively before staining with fluorescent lectins. About 30 stained
larvae were used in each experiment. After extensive washing of
the larvae with ASW they were placed on a glass slide and cov-
ered with a cover dlip. Staining of the test cells and new cells, tu-
nic layers and epidermis was observed with fluorescent microsco-
py (Optiphot, Nikon, Tokyo, Japan). For analysis of Alcian blue
staining about 30 larvae from each stage were fixed with 4% for-
malin in ASW for 10 min, washed with ASW severa times and
stained with Alcian blue at pH 1.0 (Pavéo et a. 1994). The cells
and the layers of the specimens were observed under a microscope
(Optiphot, Nikon, Tokyo, Japan).

Statistics
The two-tailed t-test or X2 contingency test was carried out with

Instat 2.1 programs. The x2 contingency test was used except
when indicated.

Results
Generation of the new cells in the demembranated larvae

No solitary cells similar to the test cells were found on
the surface of the demembranated embryos until the
late tailbud stage (about 17 h after fertilization, AF;
Fig. 1A). Solitary cells began to emerge from the right
side of the embryo’s trunk near the neck region about
17.5 h AF (Fig. 1B). The newly generated cells had the
same round shape (round cell; Fig. 2A, rc) and size as
those of test cells. Two types of smaller cells of differ-
ent shapes (Fig. 2B, C) then appeared at the proximal
end of the tail at about 17.5-19 h AF, although only at a
low frequency (data not shown). These smaller cells
contained either round distinct particles and were
named granular cells (Fig. 2A, gc), or they included
small granules and were named particulate cells (Fig.
2C, pc). The numbers of all three types of new cellsin-
creased until 20 h AF and then slightly decreased (Figs.
1C, 3). The numbers of new cells began to increase
again at 22.5 h AF (stage 3; Fig. 3) until the cells cov-
ered the whole surface of the body (Fig. 2). The num-
ber of new cells on the demembranated larvae was 1/30
of that of test cells on control developing larvae. When
fertilized eggs were demembranated by pronase, the
new cells also appeared in the larvae although at lower
numbers than in the larvae demembranated with a nee-
dle. The nuclel of al three types of cells stained with
Hoechst 33258 (data not shown). These phenomenon
were consistently seen in 400-500 larvae that were ex-
amined.
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Fig. 1A—C The first appearance of the new cells on the surface of
a demembranated larva during the tailbud and swimming stages.
A Embryo at the tailbud stage 17 h AF. No cells can be seen on
the surface of the demembranated larva. B Embryo 17.5 h AF. A
new cell is apparent (arrowhead). C Larva during the swimming
stage at 21.5 h AF. Many new cells (arrowheads) are apparent.
Bar 50 pm

Lectins binding to the test cells, new cells,
and adhesive papillae

All the new cells had blue autofluorescence when excita-
ted by UV. Autofluorescence of a round cell was shown
in Fig. 4A, and other types of new cells were the same
color as the round cell, whereas the test cells showed
yellow auto fluorescence (Fig. 4B; see Deno 1987). Lec-
tin binding to the new cells was different from that of the
test cells (Table 1). To investigate lectin binding in great-
er detail, the swimming period of the demembranated

Fig. 2A—C Appearance of three types of new cells on a demem-
branated embryo. A number of new cells are apparent on the
whole body. Round cells (rc), granular cells (gc), and particulate
cells (pc). A Trunk region of embryo. Bar 20 um B Middle part of
the tail region. Bar 20 pm C Posterior end of the tail region. Bar
50 pm
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Fig. 3 Change in the number of new cells on a demembranated
larva. The new cells begin to appear in the late of tail bud stage
(arrow). The number of cells gradually increases with a brief tran-
sient decrease. Arrowhead the beginning of swimming. Bar
meantSD (n=78)

larvae was divided into three stages (Tables 1, 2, 3, 4),
which are comparable to the staging of control larvae
(see Sato et al. 1997). In the control larvae there are
drastic changes in the tunic layers and in the test cellsin
the swimming period so the division into three stages is
based on morphological changes in tunic layers and dis-
tribution of the test cells around the surface of larva (see
Sato et a. 1997). However, since the demembranated
larvae has no test cells, the stage depends only on the



Fig. 4A-B’ Autofluorescence of the new cell and the test cells.
A A fluorescence micrograph of dorsal view of the demembrana-
ted larvae at neck region. Round cell (rc) shows blue autofluores-
cence. Bar 20 um. A’ A light micrograph of A. rc Round cell. Bar
20 um B A fluorescence micrograph of ventral view of control lar-
va at neck region. Test cells (tc) show yellow autofluorescence as
described by Deno (1987). Bar 20 um. B’ A light micrograph of
B. tc Test cell. Bar 20 um

morphological feature of the tunic. ConA bound to the
new cells but did not bind to the test cells at stages 1 and
3. In contrast, SBA did not bind to the new cells but
bound to the test cells at the both stages. Binding of
DBA, UEA, PNA, and WGA to the test cells and the
new cells differed depending on the stage. Alcian blue
staining of both test cells and new cells changed from
positive to negative as the larva progressed from stages 1
to 3. At the beginning of stage 3, when the test cells had
migrated and accumulated on a specific region of the
control larvae (see Sato et al. 1997), the cells retained
their affinity for WGA (Fig. 5A) at stage 1, but this was
lost by stage 3 (Fig. 5B). When the test cells spread out
across the whole of the tunic again just before tail re-
sorption (Fig. 5C’), they regained the ability to bind
WGA (Fig. 5C). Intense staining was observed on the
test cells at the end region of the tail.

The demembranated larvae showed well-developed
adhesive papillae, and binding of lectins to the adhesive
papillae in these larvae was amost equivalent to control
larvae (Table 2).

Fig. 5A-D’ Change in WGA staining of the control and demem-
branated larvae in the swimming stage. A A fluorescence micro-
graph of the dorsal view of control larva at stage 1. All test cells
(tc) are stained with fluorescent WGA. Arrow Posterior end of the
tail. A” A light micrograph of A. B A fluorescence micrograph of
the lateral view of the control larva at stage 3. The tunic (t) and
epidermis (ep) are strongly stained, but the staining missing poste-
rior part of white arrow. B” A light micrograph of B. Black arrow
the same position of the white arrow in B. C A fluorescence mi-
crograph of the lateral view of a control larva just before tail re-
sorption. Only the test cells (tc) are stained. Arrow The posterior
end of the tail. C’ Light micrograph of C. D A fluorescence mi-
crograph of the lateral view of a demembranated larva at stage 3.
Tunic (t), epidermis (ep), and a new cell (nc) are strongly stained
with fluorescent WGA. Arrow posterior end of the tail. D’ Light
micrograph of D. Black arrow shows the same position of the
whitearrow in D. Bar 50 pm
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Table 1 Changesin lectin binding affinities and Alcian blue stain-
ing in the test cells and new cells during the swimming period of C.
intestinalis larvae (— no staining, = a part of body stained, x stain-
ing time istransient, ++ almost all body stained, AB Alcian blue)

Table 3 Changesin lectin binding affinities and Alcian blue stain-
ing of the tunic during the swimming period of C. intestinalis lar-
vae (— no staining, + a part of body stained, +/- part of body
stained transiently; ++ almost all body stained, AB Alcian blue)

Lectin Test cell New cell Stage Lectin Control larva Demembranated larva Stage
ConA - + 1 ConA ++ ++ 1
ConA - ++ 3 ConA ++ ++ 3
DBA - * 1 DBA ++ ++ 1
DBA - - 3 DBA ++ ++ 3
PNA - + 1 PNA - - 1
PNA + - 3 PNA - - 3
SBA ++ 1 SBA - ++ 1
SBA + - 3 SBA ++ + 3
UEA - 1 UEA ++ - 1
UEA - ++ 3 UEA ++ - 3
WGA ++ ++ 1 WGA - ++ 1
WGA X ++ 3 WGA +/— ++ 3
AB ++ ++ 1 AB — — 1
AB - - 3 AB ++ ++ 3

Table 2 Changesin lectin binding affinities and Alcian blue stain-
ing of the adhesive papillae during the swimming period of C. in-
testinalis larvae (— no staining, ++ almost all body stained, AB Al-
cian blue)

Table 4 Changesin lectin binding affinities and Alcian blue stain-
ing of the epidermis during the swimming period of C. intestinalis
larvae (— no staining, +/— part of body stained, transiently, ++ al-
most all body stained, AB Alcian blue)

Lectin Control larva Demembranated Stage  Lectin Control larva Demembranated Stage
larva larva
ConA ++ ++ 1 ConA ++ ++ 1
ConA ++ ++ 3 ConA ++ ++ 3
DBA - - 1 DBA ++ ++ 1
DBA - - 3 DBA ++ ++ 3
PNA ++ ++ 1 PNA - - 1
PNA ++ ++ 3 PNA - - 3
SBA - - 1 SBA - ++ 1
SBA ++ - 3 SBA ++ ++ 3
UEA - - 1 UEA ++ - 1
UEA - - 3 UEA ++ ++ 3
WGA - - 1 WGA - ++ 1
WGA - - 3 WGA +/— ++ 3
AB - - 1 AB - - 1
AB - - 3 AB - - 3

Lectin binding to the tunic layers
and epidermis in the demembranated larvae

The demembranated larva formed the tunic layers, outer
cuticular layer (C1) and inner cuticular layer (C2), simi-
lar to control swimming larva, and could swim vigorous-
ly. Formation of the double-humped shape of the C2,
which is observed in control swimming larvae (see Sato
et al. 1997) was also observed in the demembranated lar-
vae. The dorsal and ventral fins of the demembranated
larva were smaller than those of control larva when the
demembranated egg was cultured alone in plastic dishes,
as described by Cloney (1990).

The affinities of the C1 to ConA, DBA, PNA, and Al-
cian blue at stages 1 and 3, and of C2 to these lectins at
stage 3 of the demembranated larvae were similar to those
of control larvae (Table 3), whereas the affinities of these
layers to SBA, UEA or WGA were varied between the de-

membranated and control larvae during the swimming
stage.

As shown in Fig. 5, WGA binding changed drastical-
ly in the C1in amost all of the tail region except for the
tip of the tail, and in the C1 and C2 on the surface of the
trunk of control larvae at stage 3; WGA staining in the
layers of the tail disappeared when the test cells spread
out just before tail resorption (Fig. 5C). At the posterior
region of the tail, the C1 remained unstained throughout
the swimming stage. These changes were not found in
the demembranated larvae (Fig. 5D).

Similar staining patterns of the epidermis and tunic
layers (Tables 3, 4) to al of the fluorescent lectins exam-
ined except for SBA, UEA, and alcian blue staining were
seen in both demembranated and control larvae. No
binding of acian blue to the epidermis of the demembra-
nated larvae was seen (Table 4), but there was some
binding to the tunic layers at the stage 3 (Table 3). Fur-
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Fig. 6A—F Metamorphosis in the control and demembranated lar-
vae. A A control juvenile has already attached to the substratum
just after tail resorption but the axis of the body remained un-
changed (juvenile 1). Bar 50 um. B Rotation of the visceral organs
begins after completion of tail resorption in a control juvenile (ju-
venile 2). Bar 20 um. C The rotation and opening of the siphon is
complete in a control developed juvenile (juvenile 3). Bar 50 um.
D The rotation of the visceral organs begins without complete tail
resorption in ademembranated juvenile (juvenile 1). Bar 50 um. E
The rotation of the axis is completed without complete tail resorp-
tion in a demembranated juvenile (juvenile 2). Arrow The remain-
ing tail. Bar 100 um. F Tail resorption is completed after the rota-
tion of the axis in a demembranated juvenile (juvenile 3). Com-
mon feature of both juveniles are no differentiation of organs and
opague body (juvenile 1), start of differentiation of organs and
opaque body (juvenile 2) and transparent body (juvenile 3). Bar
50 um. es Endostyle; gs gill dlit; int intestine, m (both black and
white) siphon; pph peripheral phalynx; s (white) stomach; st stron;
t tunic; ta tail

thermore, WGA hinding to the epidermis in the posterior
end of the tail in control larvae changed drastically in a
similar manner to that seen in the tunic layers (Fig. 5).

Effects of demembranation on metamorphosis

Control larvae hatched and started swimming at 19-19.5 h
AF at 18+1°C and then attached to the substratum with
their adhesive papillae. The demembranated larvae start-
ed swimming at the same time that the control larvae
hatched and started swimming, and their body length be-
came the same as that of the control larvae (t=1.71,
P=0.09) at the end of the period (23-24 h AF). The per-
centage of attached larvae was not significantly different
between the demembranated and control larvae at 23-24 h
AF (P=0.99). Retraction of the adhesive papillae and tail
resorption began just after attachment in control and de-
membranated larvae (Fig. 7A). The percentage of the
events between them was not different (P=0.99). These
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% of indivudulals

Fig. 7A-D Transition of metamorphosis in the control and de-
membranated larvae. A 4-5h AH. B 2 days AH. C 3 daysAH. D
4 days AH. Percentage of tadpole larvae, larvae attached to sub-
stratum (attachment), larvae began resorption of tail (resorption),
juvenile 1, juvenile 2, or juvenile 3, respectively in the control
(black bars) and demembranated (shaded bars). Bar mean+SD
(n=85)

results suggest that the chorion, follicle cells, test cells,
and fluid of the perivitelline space are not required for
development before tail resorption.

Some perturbation of the development process, how-
ever, occurred during and after tail resorption. All con-
trol larvae examined (n=51) completed tail resorption
within 1-3 days after hatching (AH) (Figs. 6A, 7A-C)
and then entered into the juvenile stage in which rotation
of the visceral organs started. The rotation completed be-
tween 3—4 days AH (Figs. 6C, 7C, D). In the demembra-
nated larvae, however, a longer period was required for
tail resorption and the rotation of the visceral organs. In

all demembranated larvae (n=65), rotation of the visceral
organs started 1-3 days AH (Figs. 6D, 7A—C), but the
tail was still maintained beyond 3 days AH. Therefore
the demembranated larvae entered the juvenile stage,
with rotating visceral organs, although they still kept the
tail. The percentage of control larvae with tail and de-
membranated larvae or juveniles with tail was signifi-
cantly different at 3 days AH (P=0.02), however, there
was no significant differences between them at 4 days
AH (P=0.82). After finishing the rotations all the de-
membranated juveniles (n=37) with tails completed tall
resorption by 3-6 days AH and became juveniles with
the same features (Figs. 6F, 7D) as control juveniles. The
percentage of demembranated and control juveniles
showing rotations at 2 days AH (P=0.01) was signifi-
cantly different, but no difference was present between
them at 3 days AH (P=0.12). The timing of the rotation
of the visceral organs in the demembranated juvenile
with tail was delayed compared to that of control juve-
niles, and tail resorption finished after completion of the
rotation in demembranated juveniles. The completely
different order of tail resorption and rotations is the most
characteristic feature of the effect of demembranation on
Ciona development. These juveniles had an open siphon
and started feeding (Fig. 6C, F).

The juvenile stage of control development was divid-
ed into juvenile 1 (J1), 2 (J2), and 3 (J3), depending on
their morphology (see Fig. 6). The primordial organs be-
gan to differentiate between 1-3 days AH, and J1 be-
came J2 in the control (Figs. 6B, 7A—C), while demem-
branated J1 became J2 with organ differentiation be-
tween 3-4 days AH (Figs. 6E, 7C, D). The percentage of
demembranated and control juveniles (J2 and J3) with
organs at 2 days AH (P<0.0001) and at 3 days AH
(P=0.02) was significantly different, but no significant
difference was present at 4 days AH (P=0.27). When the
J1 became J2 during 1-3 days AH, part of the bodies be-
came transparent (Fig. 6B, E) and the whole body be-
came transparent between 3—4 days AH in the control or
3-6 days AH in the demembranated J3 (Fig. 6C, F). The
percentage of transparent juveniles (J3) was significantly
different between demembranated and control at 3 days
AH (P<0.0001) but was not significant after 4 days AH
(P=0.10). These abnormalities occurred in larvae de-
membranated with pronase in the same manner as those
in larvae demembranated by manual dissection.

Discussion

Conflicting views have been expressed on the role of the
test cells in ascidian development, based on experiments
using demembranated larva in which the egg coat was
removed at the neurula stage. Several studies, in which
the neurula of Ascidia callosa was demembranated and
embryos were cultured in small dishes, suggest that the
test cells are not required for tunic formation. Submicro-
scopic materials called ornaments are present in the test
cells of this species (Cloney 1990) and in other species



such as Distaplia occidentalis and C. inflata. The orna-
ments are deposited on the surface of the tunic layer
(Cavey and Cloney 1983; Cloney and Cavey 1982),
making the tunic hydrophilic (Cloney 1990; Cloney and
Hannson 1995). This conclusion was supported by
Okada et a. (1996) in C. intestinalis, using a test cell
monoclonal antibody.

In the present study, when the test cells, follicle cells,
and chorion were removed from the fertilized eggs of C.
intestinalis and each demembranated larva was allowed
to develop under similar conditions to those used by
Cloney (1990), fins developed at the stage comparable
to late tailbud stage of control larvae. Although the fins
were reduced in size when the demembranated larva
was cultured alone, the larva could swim normally.
These results suggest that the test cells, follicle cells,
and chorion are not necessary for the formation of the
tunic and fin.

There were no solitary cells present on the surface of
the demembranated embryo until the tailbud stage, at
which point new cells resembling test cells in shape
(round cell) were produced at the region near the junc-
tion of the trunk and tail (Fig. 1). Two other types of
cells, granular and particulate cells, subsequently ap-
peared (Fig. 2), but it is unclear whether these two types
of cells had differentiated from the round cells. All three
new cell types had the same lectin affinities, but the out-
er matrix of the new cells had different lectin affinities
from that the test cells. Furthermore, all three new cell
types showed different autofluorescence from the test
cells (Fig. 4), indicating that the contents of the new
cells was different from those of the test cells. These
new cells were not produced during normal develop-
ment, since no cells with the same autofluorescence and
lectin binding as the new cells were observed on the sur-
face of control larvae. Thus these new cells are consid-
ered to be different from test cells.

It iswell known that several types of solitary cells ap-
pear during metamorphosis in ascidians. Button cells,
which are derived from B 4.1 cells and stain with three
kinds of vital dyes (Materazzi 1967; Patricolo et al.
1981; Reverberi et a. 1969; Ries 1939) appear at the
space between the epidermis and primordium of the
pharynx in Phallusia mammillata (Sotgia et al. 1993).
B-cells, which originate from the ectoderm in the body
cavity of C. intestinalis, migrate toward the outermost
layer of the larva, crossing through the epidermal mantle
and the cuticle (Mancuso 1986). Trunk lateral cells of
the larvae of H. roretzi, derived from A6.3 and A.7.6
blastomeres, are located underneath the epidermis at the
neck region and migrate toward the surface of the tunic
layer crossing the epidermis (Nishida 1987; Nishikata
and Satoh 1991). Although it is still unknown whether
these cells are identical to the new cells which appear on
the surface of larvae of C. intestinalis (Fig. 3), the posi-
tion and the timing of their appearance was different
from those of the new cells that we observed.

The C1 larval tunic layer differentiates on the surface
of the epidermis at the tailbud stage in C. intestinalis
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(Cavey and Cloney 1983; Gianguzza and Dolcemascolo
1980; Mancuso 1973). The layer is gradually separated
from the epidermis and a matrix-filled space forms be-
tween the tunic and the surface of the epidermis called
the outer compartment (Cloney 1990). C1 finaly forms
the finsin the tail region. We observed here that the adult
tunic (C2) then appears in the trunk region of the de-
membranated larvae at a comparable stage to the control
larvae. In the present study, the epidermis and tunic layer
of both the control and demembranated larvae showed
no Alcian blue staining at stage 1, suggesting that no sul-
fate glycosaminoglycans are present on the surface of
larvae. The epidermis was Alcian blue negative at stage
3, but Alcian blue staining appeared on the tunic layer in
both the control and demembranated larvae at stage 3.
Both test cells and new cells, which were stained with
the dye from stages 1 and 2, lost Alcian blue reactivity at
stage 3. We have recently shown that the test cells mi-
grate and gather on the tunic at the tail region, and that
some cells ruptured at stage 3 (Sato et al. 1997). Some
intracellular contents of the test cells and new cells stain
with Alcian blue, and it is possible that these compo-
nents are released from the test cell of control larvae or
from the new cells of the demembranated larvae and are
deposited on the surface of the tunics. However, the au-
tofluorescence results from the test cells and the new
cells were quite different, suggesting that the constitu-
ents of the tunic in control and demembranated larvae
are different.

The ability of the test cells, tunic layer, and epider-
mis of control larvae to bind WGA changed during the
swimming period (Tables 1, 3, 4; Fig. 5), concomitantly
with the occurrence of drastic migration of the cells (see
Sato et al. 1997). The test cells exhibited WGA binding
affinity in stage 1 before migration, and this affinity was
lost in stage 3 when the cells migrated and aligned in
the lateral side of the tail regions. In contrast, the tunic
layer and epidermis acquired WGA binding capacity be-
tween stages 1 and 3, suggesting the appearance of gly-
cosaminoglycans on the surface. WGA binding affini-
ties of the tunic layer and epidermis remained un-
changed in the demembranated larvae during the swim-
ming period. Cell surface glycosaminoglycan are con-
sidered to be a key factor in the control of the migration
of the mesenchyme cells on the surface of the coelomic
wall in the sea urchin embryo (Katow and Amemiya
1986) and may also contribute to the migration of the
neural crest cells in the mouse (Derby 1978). Therefore
the changes in the appearance of the glycosaminoglycan
on the surface of the epidermis in the swimming larvae
of the ascidian may relate to the migration of the test
cells.

Metamorphosis of ascidians is characterized by settle-
ment of swimming larva, tail resorption, and rapid
changes in body shape; reorientation of organs, emigra-
tion of blood cells, disintegration of larval nervous, sen-
sory, muscular and skeletal tissues, and replacement of
these larval tissues with adult tissues. We showed that
the removal of the test cells, follicle cells, and chorion
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from the fertilized eggs delays (Fig. 7) and perturbs
(Fig. 6) the process of metamorphosis. In the normal
metamorphosis in C. intestinalis, rotation of the visceral
organ began after completion of tail resorption. Howev-
er, in the demembranated larvae, partial tail resorption
occurred first, then the visceral organs rotated, and the
tail finished resorption (Fig. 6). This result and the char-
acteristic transient migration of the test cells on the larva
suggest that the test cells play some role in the control of
the order of complete resorption of the tail and rotation
of the visceral organs.

The test cells migrate and gather around the adhesive
papillae at the trunk region, suggesting a role of these
cells in the formation or behavior of this organ (Sato et
al. 1997). The demembranated larvae also had well-
developed adhesive papillae, and retraction occurred in
the same manner as in the control larvae. However, no
migration of the new cells forward to the adhesive papil-
lae was observed although the cells showed some loco-
motive activity, suggesting that the test cells as well as
the new cells make no contribution to the formation and
behavior of the adhesive papillae.
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