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- 'specimens of the mifihe’spoﬁéé" Haliclona oculdta were
collected from Passamaquody Ba&,‘ New B;unswick. _ Once
transported to Montréal, Qgébec, the sponges were fixed and
embedded in paraffin for light microscopy and theﬂcells were
chemically dissociated, fixed and imbedded in Spurr resin for
transd?sdjon elgcﬂroh microscopy. Bésed upon the presence or
absencz of‘a nucleolus, the types of cytoplasmic inclusions
and cell size examined, seven ce%l kypes are found in all
specimens sampled: archeocytes, choanocytes, pinacocytes,“*/
scleroéytes, spongocytes, granular ) ¢ells and spherulous
cells, The dimension of each cell, nuclei, nucleoli am{
cytoplasﬁic inclusions are measured and anaiys;d\
statistically. The characteristics-and possible function of
the cell types are discussed.‘nThe isolation of aréheocytes.ﬁ

with four Ficoll gradients proved to be unsuccessfull. Cells

’ with various inclusions vwere precipitated with the =

archeocytes when centrifuged.
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Des \spécimens de 1'éponge marine Haliclona oculata ont

été récoltés dans la Baier de Passamaquody au Nouveau

Brunswick. Une fois trapportées a3 Montréal, Québec, les

-

<2

éponges ont été fixées et enrobées de paraffine pour étre

., - / T
examinées au microscopeé et les cellules ont été dissociées
‘ ¥

dans une! solution chimigue et elles ont été fixées puis _

+

enrobées \|de résine Spurr pour observations au microscope

(VY *

électronique. D'aprés la présence ou l'absence Ad'un

B

ﬂnucléole, les typés d'inclusions cytoplasmiques et les

/

dimensions cellulaires, sept types de cellules sont trouvés

}

dans. tous les spécimens échantillonnés: archéocytes, .
[

.choanocytes,| pinacocytes, sclerocytes, spongocytes, cellules
granuleuses |et ‘cellules 'spheereuses. Les dimensions de
chaque cellule, n;cleus, nucléolus et inclusions
cytoplasmiques sont mesurées pour analysé statistique. Les
caractérist%Ques et fonction possible des types cellulaires
soﬁt discu;ées. L'isolation d'archéocytes utilisant quat}es
gradients//de Ficoll a été gssayée sans succés. Diverses
cellules / 4 inclusions ont été précipitées avec les

’

archéocytes lors de la centrifugation.
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+ INTRODUCTION

!
]

, -
Sponges,/are considered to be the most primitive metazoans
“ b
(Hyman, 40). The general biology of sponges is for the most

well documented. However, much research remains: to, be

donk on the cytology of sponges in order to elucidate the
functhons of several cell types. Such research could help to
clarify the classification of sponges which relies mainlx on
the content, size and arrangement of spicules and spongin.
Hartman (1958) has shown that the latter two criteria vary
significantly within the species he examined. Simpson 11968b)
has used the presence of special cell types in the
distinction of ;?milar sponge species. Knowledge of the cell
population ma}‘also help establish phylogenetic relationships

between different sponges.._

Wilson (1907) first attracted the ‘interest of researchers
on' the cytglogy of sponges when he discovered that marine
sponge cells, dissoci;ted by pressing a piece of sponge
through a bolting cloéh, reaggreqat?d to form a functional
sponge. He also noted that wvhen the cells of two different
sponge species wére mixed, the’ ce}ls sggtegatéa into their,
respective species before they reaggregated. Although Curtis
i1962) observed some non-specificity between certain sponge

species, strain specificity was demonstrated by Van de Vyver

(1971) in fresh water sponges. The presence of a specific

aggregation factor was examined by Humphreys (1963) and
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Moscona (1963). Tﬂey?showed that this factor was released in
the absence of calcium and magnesium in the culture medium.
Subsequent research identified the ultrastructure of the
aggregation factor as a sunburst structure of high molecular
weight (see Henkart et al, 1973 and Miller and Zahn, 1973).
Lowenstein (1967) demonstrated the importance of such an
aggregation factor as well as the presence of calcium ;nd

magnesium in cell communication.

Since Wilson's initial observations, the identification
of cell types has led to some conflicting results. The sponge
specimens used in several studies were often in the form of
rejuvenating explants or cell aggregates. Certain cell types
identified in such material showed different characteristiés
from similar cell types observed in adult specimens (Simpson,
1968b). In add;tion, there is no consensus~onh the number of

cell types generally present in various adult sponges. Many

cells 'with inclusions have ambiguous functions ande

relationships with respect to the stem gell: the archeocyte.

-y
Research by Borojovic (1966) has shown that archeocytes,
as widely hypothesized prevfbusly, are totipotent and can

differentiate into other cell typés necessary in the

o

formation of a functional sponge. His observations also

-

suggested that the differentiation was irreversible. The |

material xyged in his research was taken from larvae,

therefore the archeocytes examined vere true embryonic cells. .

A kKl e e -
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'{ o There vas no direct evidencg as yft of the totipo;ency:of-,
rcheocytes from an adult sponge. De :éutter and-VaH‘Qe Vyver
/(lsfb) success}ully isolated aréﬁeocyfes from a ffesh water"
/sponge and demonstrated their capacity to differentiate into
a functional sponge. Their research presentea direct evidence
- of the totipotency gf atcﬁeoqyteé but the sponges used in
their study were ‘'grown from gemmules and were only one ;eek
old. Therefore, they may not have been fully developed adult
sponges. ’
The objectives of the reséarch reported heéé vere: 1) to
'identify each cell type of an ‘adult sponge with ‘the use of
} electron m1croscopy observations and  ultrastructural -

P

measurements;- 2) to compare the results obtained with

P

previous observations to determine the possible function of
each cell type; 3) to attempt isolation of archeocytes from

other cell types to demonstrate directly their totipotency.

’

- , - The north—Aﬁ%éﬂ%ie demosponge-—Haliclona oculata (Pallab;
1766 and Grant; 1841; in Hartmgn, 1958) was chosen\ for

[

investigation on the basis of its ava111b111ty and its use as’

an experimental anxmal in cell aggregation stud1es.

/
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Haliclona oculata sbééfﬁéns”were ﬁéligctéd'ﬁn.iggil,gghqs
and August 1984. They were dredgeé in the vicinity of Deer
Island , (45* 1lat. N, 67° 1long. W), at the qmouth of
Passamaguody Bay, New Brunswick, Canada. Two sponges were
gsampled and fixed in epoxy as outlined below at Huntsman

Marine Laboratory, St-Andrews, N.B. for controls. Selected

healthy specimens were transported by air to Montréal,

Québec, in plastic bags tEillec'%*9 Yith oxygenated sea water
which w;re kept in an ice-filled Styrofoam cooler. At McGill
University, the sponges were traﬁsfered to a closed aguarium
filled with artificial seg water (Humphreys, 1963: NacCl,

24.7; KCl, 0.7; CaCl,, 1.0; MgCl,, 4.7; MgSO,, 6.3; NaHCO,,

e

& i
0.18 gr/1 H,0, pH 7.2) at constant temperature of 4°C. They

- wemained healthy for 1 to 3 weeks after which they rapidly

decayed. All histolqgic procedures were carried out within a
week of the shipment. The health of ,the sponges and their
water filtering capécity were assessed by the presence of a
pinacocyte or dermal layer and the presencé of flagellated

chambers when inspected under light microscopy.

¢
“

All specimens were identified by spicule analysis. Sponge

tissue | was dissolved in .nitric acid and the remaining

-gpicules were wvashed and placed in a grided petri dish. The

length and width of spicules were measured ' under an Olympus -

compound microscope with an ocular micrometer accurate to
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0.5u4m.

Sections of 2 cm length lut from brancﬁ;s of specimens

e

collected in August were fixed for 1 hour with 3.5%
glutaraldehyde in 0.4M NaCl and 0.1M sodium -cacbéylate (pH
7.4) atNroop temperatﬁre (Reed and Cloney, 1979; mogifieé).
The fixed branches were tggce rinsed forﬁls minutes ‘in 0.2M
sodium cacodyiate buffer, dehydrateg in an alcohol seﬁies,
cleared in xylene and embedded in paraffin. Sectio;s of the

sponge stalk were also fixed and embedded.,

°

b

The paraffin blocks were sectioned on a microtome with a
disposable metal razor blade. The 10um sections were mounted
on glass slides and were stained with Delafield's hematoxylin
for geneyal cell features, Best's carmine stain (Pearse,
1968) for glycogen, Schiff's periodic acid test (Pearse,
‘1§68) for mucosubstances{ and- PAS-Alcian blue (Pearse, 1968)
for differentiation of acid -‘and basic mucopolysaccharides,
The sections were examined by 1light microscopy under oil
immersion objective. u o “

Two cell populationé were sampled from eéch of two
healthf sponges collected %n April, June and Auqust. The
éells were chemicélly dissociated according to the procedure
of Humphreys et al (1960)dand Humphreys (1963). Two giams of

blotted sponge tissue were immersed in 80 ml of calcium-

magnesium-free artificial sea water (CMF-SW) at 0°C

Q
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(Humphreys, 1963: NaCl, 27.0; KC1, 0.8; Na,SO,, 1.0; NaHCO,,
"y

0.18 gr/1 H,0, pH 7.2). The tissue was cut into 2mm?® pieces,

soaked for 30 mznutes in CMF SW and squeezed through a 25um

mesh plankton nettxng into 80 ml of fresh cold CMF-SW. The

resulting suspension was centrifuged for 2 min at 1000 rpm in
an IEC-7 centrifuge. The cell pellets were resuspended ‘*in
fresh, cold CMF-SW and adjusted to a concentration of

approximately 10¢ <cells/ml (estimated with a hemacytomgeter

"chamber) .

A 3 ml sample of the cell suspension was diluted to 15 ml

with CMF-SW and centrifuged for 2 minutes at 1000 rpm. The

cell pellets were fixed for 1 hour with 3.5% glutaraldeh&de'
in 0.4M NaCL and 0.1M sodium cacodylate buffer (pH 7.4) at

room temperature. They were Fwice'rinsed for 15 minutes in a
0.2M solution of the buffer and then post-fixed for 1 hour
using 1% §smium tetroxide An 1.25% sodium bicarbonate at pH
7.2, The cell pelleté were finally dehydrated in an alcohol
series, é}eared in propylene oxide and embedded in Spurr

(1969) epoxy resin. The blocks were cured for 8 hours in an

oven at:60°Cf - . \\\\

The blocks were. sectioned at O.lpm on a Porter-Blum

£

sections were floated onto uncoated 400 mesh copper grids and

stained for 45 minutes in saturated agueous uranyl acetate at

60°C and for 10 minutes in Reynolds (1963) lead citrate at.

ultramicrotome MT-2B with either glass or diamond knife. The
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room temperature. The sectioss vere ;iewed and photographed
with a Phillips 400 transmission electron miéroscopé
ope;ating at'BO Kv. h '
/, ‘ )

ToL isolate archeocytes, the method of;de' Sutter and
Buscema (1977) was employéd. Sponge cells were first
dissociated (Humphreys, 1963; modified). A 15 ml cell
suspension was prepared as outlinéd above and it was agitated
for 12 hours with a magnetic stirrer in a 40 ml beaker kept
at 0°C.° Three ml of the cell suspension were vigorously
resuspended 15 times with a pasteur pipeéte into a test tube
to break up remaining cell clumps resulting in a suspension
of single cells (checked with a hemacytometer chamber). Cell
permeability was tested with 1 ml of cell sample mixed in 3
mi of satufated trypankbfhe. A monoionic polymer of sucrose,
Ficoll was purchased from Pharmacia. Gradientg made with
this product permit the separation of cells with different
cell size when centrifuged. Feur discontinuous Ficoll
gradients of ld, 8, 6 and-4% each mad; with 8 ml of cold
CMF-SQ were layered in succession in a go ml centrifuge tube.
A 1 ml cell sample was carefully pipetted on Fop of the
gradients. The sﬁspension was ceﬁtrifuged for 5 minutes at
2000 rpm or 750 g instead of 3000 g. used by de Sutter and
Buscema. The top gradients were removed and the entire 10%
fraction was collected with a pipette. The cells were then

washed in artificial sea water, pelleted gnd fixed as

outlined above. -

s
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Cells photographed by electron microscopy and observed
by light microscopy were categorized 'by the presence or
absence of a nucleolus, cgil sizé qnd the presence and types
of inclusions. The length and width of both cell and nucleus,
the largest diameter of the~ nucleolus and the various
cytoplasmic inclusions were recorded. If the nuclear membrane
of a cell was cut obliquely, cell measurements were usually
not recorded since this indicated the cut was not in the’
mid-section of the nucleus. ﬁowevér, some spongocytes,
granular cells and spherulous cells were still measured
without a mid-section cut through the nucleus to record the

size of their inclusions.
> AY

.

S
An elementary statistical table, a normal probability
test, a general linear model test and a non-parametric
) analysis of variance were’.:omputed for ‘ggsh céll variable
using the Statistical Analysis System (SAS) software paciage

on MgGillvcomputer facilities.
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_ General Features of Haliclona oculata:

.-9; o /

OBSERVATIONS AND RESULTS °

o

/

&

The specimens collected varied in gross morphology. -S

had a few slender long branches while others had many short
thick ogzs (plate 1A, left 2o right). Their color in healthy
conditions varies from beige to brick red. The healthy
Bponges sampleé from April to August all contained /active
.choanocyte chamgers and a cont@nqous pinacocyte layer. The
mean length and width of oxea and style spicules (plate 1B)
from a typical specimen employed in this sthdf are /listed in

table 1. The specimens ® fixed and embedded at fthe tield

. " )
station included both whole pieces of sponges .as wéll as

isolated cell samples. The cells in both instances show
better preservation with the spobge kept iqd its hatural sea
water. The cells fixed from spe;imens kept in a%tificial sea
water exhibit most characteristics of their respective cell

type but the Golgi bodies are lacking in ‘some cells.
A

Table 1l: Spicule measurements of 102 oxeas and 13 styles from
one specimen, The mean and extremes are listed with the

standard deviation 1in parentheses. Hartman (1958) has

measured oxeas from H, oculata of the Bay of Fundy.
SPICULE | ., LENGTH | WIDTH

OXEA 97.4-133.3-258.8pxm | 3.9-9.7-12.8pm
(£20.6) (z1.6)

STYLE 168.3-191.4-209.6um 8.9-10.2-11.8um

OXEA 103-128-165um 7.3-10.1-12.8um
(Hartman,1958) | (£13.4) (£1.3)

-
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Plate 1A: Specmens of Hnuclom oculata shovmg
variation in gross morphology.
Plate 1B: Spicules from a typical specimen
collected. Note the definite rounded end of the
style. °~
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. “Thiek. sebtiops of vhole branches from specxmens collected

L o 1ﬁ Aﬁgust shbw larval development to be widespread "in both -
. ‘ ! .-
) v spécxmens collected. ~The stalks of all sponges collected .
. . ’ ' A
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s B ) N o M .
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S - dense spong1n h1ndered thin sectxonrng. Incuibation for 7~
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* Based on¢ell ~size, the presence of a nucleolug an% the

. F - Lo
— types of inclusions, the following cell types are described
4 , ot . ) " .
, as ﬁresent in the H aculatf po#ulation of New Brunswick
(fable 2): archeocyq~é choénocytes, bin%cocytes,
sclerocytes, spongocytes, ,granular cells and spherulous
' cells. The cell term;nology is taken from 51$pson (1984)° |
. L 5
' Table;!a General description of the cell types of H, oculata.
Mitochon.: mztochondr1a, RER3 rough endoplasm:c reticulum,
CELL + |NUCLEOLUS | INCLUSIONS |MITOCHON. | RER 1 GOLGI
- - . . ’ ﬁany ﬂl ' . - “ )
ARCHEOCYTE | present large '.| present. |present|present|.
, : phagosofes - ~
- ] R - l £" . ," 8, . n " ' .1 -
> ' . |CHOANOCYTE| absent | small - few . few “jabgent
. phagosomes - i .
o ‘ few J ’ o
PINACOCYTE| absent .| large - few few |[present
o - phagosomes of ) .
) 1 large . 1- -
. SCLERQCYTE | present brittle | present |present|present
inclusion| - - |, o i
. ’ . ‘many IR I R
, : / SPONGOCYTE'| may be small \ present ‘|present|present
oy ‘v . | present ainclusionf : : o
] . many {é , N IR VR
E * GRANULAR 3 rare | granular * feu present | present
; CELL inclusions . ) L
] ’ many o ! I
’ SPHERULOUS | } rare large rare rare [absent-
‘ CELL inclusions : ) )
‘ * 1: not seen in this study " A ! _
) : A oL .
‘ ) ‘ ! ¢ , \d . . ) B .: . "-2" B
N N . \ . . “':" \’ ’
( | o Coe
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ZStaining'of Paraffin Sections:

o € L]

4

The gesﬁlts of the different sfain}ng procedures on thick

7

Q”sbcgion are listed in table 3. The hematoxylin stain prOQiaed

1

for general ‘cell shape and major organelle identification.

-

Glycogen is °present 1in archeocytes, sElgrocytés and in

»spongocyté%. Archeoc&tes ags spongocytes have mucosubstances

in their cytoplasm. and sclérocytes:.have-little or none.

¢
»

Chdanocytes sand pin;cocytes have a¢id mucopolysaccharrides-
\ whfie the mucopolxéaccharideé of archeocytes, stlerocytésfané~
spongocytes .are basic. Because of the - poor resolution of
thick séctions under oil immersion, 1it was not possible to
differentiate. between spongocytes and granular cells.

Spherulous cells did not readily take up any of the stadns.

o

Table -3: Histochemical results. Gran. c.: granular'cell.

ol

STAIN| BEST'S PAS FOR _ pAS-
\ CARMINE FOR|MUCOSUBSTANCES| ALCIAN BLUE FOR .
CELL GLYCOGEN ‘ NUCOPOLYSACCHARIDES
ARCHEOCYTE + + BASIC MUCOPOLY.
CHOANOCYTE - - 7 " ACID MUCOPOLY.
_ | p1NacocYTE - .+ =" | ACID MUCOPOLY.
SCLEROCYTE| =+~ £ . BASIC MUCOPOLY.
’ v
SPONGOCYTE o+ X + BASIC MUCOPOLY.
(G_m. c.) ° .-\
.| SEE TEXT ) . .
» s Us - \ ° i ) - . .

/
) . : .
-’




Electron Microseopy:

i

All cell

entire sample period.

in table "4,

M . - . ‘. i)
sections lacked nucleol1sand thelr cytoplasms did|not contain

' found “simuitaneously in

%

-141—

N

eVery sponge

t

\

character1st1c fnclusions or vacuoles.

v 8

A

, study, -

S
5

an unalfferenglated $tpte'

and

were

N 7

not included

types descrlbed from electron

collected dur1ng
Some cells could, not be categorize

These "

1
Al

y

Table 43 Mean cell measurements (‘um).: Nuc.l.

DUC Wes

nucleus:wzdth

The -mean cell measurements

cells'ﬁay be:in

nucleus length,

nucleo.: nucleolus, 1ncl.. 1nc1uszons.

in

icrographs are

are listed

because the

. ARCHEOCYTE "
cnoxneczwn{
PINACOCYTE
SCLEROCYTE .
5g?oueocv§z ¢
' GRANULAR C.

" SPHERULOUS C.

12.1

6.6

13.4
13.6

12.0

12 oj2 "

13.8

]

10.1°

5.5
11.2

‘10.8

9.6
9.9

* 11-8

«

5.4
2.5
406/\‘

; ( ’
5 .;Z
4.0 |

3.2,

v

&

4.8

2,2
309‘- .

4.5
3.3

csnm/nxumnsxou1nznsmnl WIDTH INUC L. |NUC.W, |NUCLEO. |1ucn.

1.8
i.0
| 1.4

0.6
1.0

2.1.

1.2/
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e

b

b
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The major distinction for archeocytes is the presence of

a promxnent nucleolus (plate ?A ,B). The cytoplasm is often

these vary greatly in number. The m1tochondr1q are 0.5um in
‘diameter or smaller, easily recognized by the characteristic
lamellae. The&’are numerous in archeocytes and have the same
\’morphology in all cell types. The rough endoplasmic‘reticulum
(RER) in archeocytes as in other cell types is linee with
ribpsomes on the outer sur;ace 'of the membrane. The Golgi
‘bodies are not well developéd having a few small saccules.
Spongin "A" bundles are found in the cytoplasm of some
archeocytes (plate 2C,D). The fibrils w1th1n are 20nm in
diameter and they display an . axial periodicity of
;approximately 20nm. ‘ o

1
?

Choanocytes are recognized by their small size,

Lo 3A-D). The nucleus is small and lined with chromatin at its

&

perxphery although the chromatin sometimes forms a nucleolus.

[

A few small inclusions. (cell debris?), m1tochondr1a and RER

) are present The flagellum has small lateral projections of

T T1ts membrane and typical 9+2 microtubule arrangement (plate
3D)._ It is surrounded by numerous microvilli, of 0.lpm in

diameter (plate 3C),

\

f111ed v1th phagosomes ‘of other cells and cell debrxs though

anucleolate nucléus and flagellum where still intact (plate"

e o 7"»«»«..‘
REREDSerct s Sin
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Plate 2A: Micrograph of an Jarcheocyte from a

~sponge specimen kept in artificial sea vwater
showing the major cell organelles. n: nucleus,
nl: nucleolus, p: phagosomes, m: mitochondria,
rer: rough endoplasmic reticulum. ’

Plate 2B: Archeocyte from a control cell sample
of a sponge kept in natural sea water. Note the
appearancé of the nucleus as compared to 2A; the
cell organelles show better preservation. G:
Golgi bodies. s

Plate 2C: Archeocyte containing a spongin "A"
bundle (sp A). '

> " Plate 2D: High magnification of an isolated
: spongin "A" Dbundle. Some axial periodicity is
visible (arrow). ) .

.
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Pl&te 3A: Micrograph df a group of choanocytes
(ch) which have retained their flagella (fl)..

Plate 3B: Single choanocyte *at higher
magnification showing the major cell organelles.

Plate 3C: Apical end of a choanocyte with the
basal part of the flagellum and some microvilli
(mv) which form the collar. "The inclusion ' (i)
appears phagosome-like, )

Plate 3D: High magnification of a flagellum

showing the two central microtubules (mt) and
small membrane projection (arrow).
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The pinacocytes are one of the largest .cells in the

species., Their cytoplasm has many small (< O.Sum)v empty

vacuoles and few if any phagosomes although multivesicular .

bodies are reqularly found (plate 4A,B) and mito$hondria and
RER are present. Golgi bodies are prominent only in the
control sambles (plate 4C) whereyt%e cells display a long and
flattened shape (plate 4D) and atg(not dissociated from the

skeleton.

4

[}
|

Sclerocytes gesemble aréheocytes in that they share a
promiﬁant nucleolus and similar cell dimensioﬁs (plate 5A).
Howevgr, they contain very few phagosomes, their cytoplasm is
more vacuolated and each has one or more largé 'vacuoleé

containing electron opaque, brittle material ofé&n in the

form of a small spicule (plate 5B,C,D). Mitochondria and RER.

are present. ThenGolgi body is prrly developed.

“

2

The spongocytes are recégnizable by the presence of
uniform winclusiohs, O.6uxm in mean diameter, filling the
cytoplas;&>blaté 6A,B). These inclusiops aré membrane bound
and‘osmigphilic. At high magnification thcyvappgar regularly
banhed (plate 6C), the width of each band being 7nm with a
more pronounced band at 28nm intervals. The nucleus is
sometimés nucleolate, mitochondria are present ana the rough
enddplasmic reticulum is abpndant throughout the cytoplasm. A
Golgi body is présent‘ in the cells fixed at the field

station(plate 6D). Small bundles of spongin "A" are also
N

s

IR Y
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Plate 4A: Micrograph of a pinacocyte with
anucleolate nucleus, phagosomes and multivescular
bodies (mv)'y

Plate 4B: Pinacocyte with multivesicular bodies
present in the cytoplasm. Note the vacuolated
cytoplasm in 4A and 4B.

Plate 4C: Pinacocyte from a control sample of an
intact sponge branch. The Golgi bodies are well
developed and the cell shape is elongate.

Plate 4D: Long cytoplasmic extensions of
pinacocytes from a control sample making intimate
contact vith adjacent cells (arrows).
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‘Plate 5A: Micrograph of a sclerocyte shovihg a

nucleclated nucleus, brittle material (s) and

many small vacuoles (v). Note the lack -of’

phagosomes,

Plate 5B: Sclerocyte with a vacuole containing
spicule-like, brittle material. The nucléolus is
not seen in this micrograph.

Plate 5C:- High magnification of an inclusion

within the vacuole of a sclerocyte. Some vacuoles '

contained a single spicule-like inclusion but
most scierocyte. vacuoles examined contained many
fragments. )

]

‘Plate 5D: High magnification of an inclusion

within the vacuole of a scletocyte.t
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i _ Plate 6A: Micrograph of ‘a spongotyte containing a
T nucleolate nucleus and many small osmiophilic
L S inclusions (i) : "
i ig ‘ % . ' °
N ) . Plate 6B: Spongocyte filled with osmiophilic
o . inclusions. The cytoplasm has .many mitochondria
- - and the" rough.endoplasmic reticulum .is abundant.
3 o throughout. . . & ) '
H ] M £ [ 4 .
SERAVEE ; . Plate 6C: - High magnification of . a, spongocyte
X * .. < . inclusion., Each "light- and dark .band is
] ‘ . approximately 7nm in’ width. The-dark . bands are
l . , . moré pronounced at 28nm interwvals.: ® oL
L » “ R
a Plate .6D: Spongocyte from a control cell sample.
, Ut . In this micrograph, the inclusions are' very light
! - in contrast and some banding is 'visible (arrows).
a ", '-Plate 6E; High - magnfication of: a spongin. "A"
E . - °. bundle ‘amidst the spongin "B": inclusions of 'a
: spongocyte. o - - - .
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i found in-the cytoplasm of some spongocytes .(plate 6E).
&
The granular cells are similar to spongocytes. Their
. inclusiops! not as electron dénse as those 1in the
sponéocytes, aré larger with a mean diameter of l.Oum‘(plate[
78,C). At high °magnification the dense material in, soﬁe
inclu;ions is also seen to be regularly banded (plate 7B) .

The widtﬁ of each band is approximately 3nm with some lafger

bands of 7nm. A nucleolus is rarely found. Some mitochondria .

and RER are: present. Free ribosomes are particularly
abundant (plate 7C,D) and a Golgi body 1is present only in

cells fixed in the field (plate 7C) which also'contain many

’

large vacuoles.
\
The spherulous cells are typically filled with large
Y spherules (pTate BA,C). The spherules (mean diameter: l.me)f

contain little material and are electron translucent. Some

have” small dense grénules vithin them. At high magnification °

these granules reveal a reqular banding of 7nm in band width

(plate 8B;D). Other spherules contain fibrils of 7nm in

—

diameter aiigﬁed in the form of a, crystalline body with é
.diamond shape (plate 9A). . 'Some crystalline bodies exhibit

staggered edge layers suggesting growth by ‘regular accretion

" to the lattice (plate 9B,C). A nucleolus is rarely present.

\/,Nw/’ A few mitochondria and RER are found but no Golgi ' body has
been detected. THe configuration of spherulbus cells 1is the
o . % .
‘1:f o least altered by the artificial sea water

Ve
2 . > % 4

»
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Plate 7A: Microdgraph of a granular cell. kept in
artificial sea water,- Besides: the granules, .
there is a lack of cell organelles; the nucleus

in this instance was not sectioned and only a few
mitochondria and ribosomes (r) are apparent.'.

Plate 7B: High magnification.of a granule from a

‘cell kept in artificial sea water. ' The regular- ,‘

bandlng visible in many ' of these 1nclu31ons-also

forms into ring patterns (arrow). . —

Plate 7C: Granular. cell from a control cell
sample, The inclusions here are of the same size

as in 7A but much more opague. A nucleus, Golgi. '
bodies and ribosomes\gigmglearly visible as are
large +Vvacuoles which &ometimes alter the . cell
shape. . ’
Plate 7D: High magnification of a small inclusion
from a granular cell kept in natural sea water,,
The bandlng of the dense, material is 'mot reqular
but appears fibrilar" 1n.nature. The ribosomés are
lightly visible due to the high electron densxty
requ1red td take such mlcrographs.
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Plate B8A: Micrograph- of a  spherulous cell

containing. a vdriety of inclusions. Most’

spherulés (sp) ‘have some dense material within
them and there are smaller inclusions present as
well (arrow). .

Plate 8B: High magnification of .the small

.inclusion in BA. A reqular banding is visible

much as in the spongocyte inclusions.

Plate 8C: Spherulous cell' with different
inclusions and spherules. One of the-inclusions
(arrow) appearf like a spongocyte inclusion, }

Plate 8D: High magnification of the inglusion in
8C. The banding pattern closely resemble that of
a spongocyte inclusion. ‘
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Plate 9A: Micrograph of a spherulous cell with
di@mond-shaped sections of crystalline inclusions
within some spherules (arrow). .
Plate 9B: High magnification of the spherule in
9A. The diamond-shaped inclusion is made of a
crystalline array. of fibril-like material aligned
at two different angles. Each fibril measures 7nm
in diameter. .

Plate 9C: High magnification of a spherule from a

spherulous cell kept in natural sea water. The
pattern of the inclusion within the spherule is
identical to that of cells kept in artificial sea
water (9A,B).
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Plate 10A: One of two large inclusions found in a
specimen collected in August. The inclusions were
not surrounded by any other cell '‘membrane. Many
small bodies fill the inclusion,

Plate 10B: High magnification of the small bodies
within the inclusion in 10A, Some bodies appear
hollow while others are electron-opaque.

Plate 10C: Microéraph of a spongin "B"” fragment
in a cell sample. Long uniform fibers as well as

branching fibers (this micrograph) were observed..

Plate 10D: High magnification of the spongin "B"
fragment in 10C. No ‘regular banding or axial
periodicity is discernable.
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Two 1large round -  inclusions filled with what may be

microtubule~-like bodies were found in one of the specimené
collected in August (plate 10A). The inclusions measured
12,5um in diameter and the small bodies were 68nm in diametfr
(plaée 10B). As will be discussed below, these inclusions -may
fepresent evidence of a rare globoferous cell type in this
species, Some spongin "B"eragment5x wére aIs; observed ‘and
photographed ~ (plate 10C,D). High magnification of these
fragments reveal a wavy pattern of the spong;n fibrils“ The

diameter of individual fibrils is 7nm,

-

~/
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"inclusions (table 5). Their mean cell size is 12.1 x 10.lum

Statistical AnalysiSz'
. . v 0
An elementary statistics tab}e and a normal probability
test vere computed for eacﬁ dimgnsioﬁ oﬁ each cell type. The
adrcheocyte'dimensions are normallf distributed except for they
i
with a large mean nucleus size of 5.4 X 4.8um. The choanocyte
dimensions are positively skawed toward smaller sizes with a
fev large cells (table 6). Both cell and nucleus m;;n cell
dimensions are roughly half those of archeocytes. The
inclusions are likewise small. The normality of the
of other cell types could not be

a8

to small  ,sample sizes. These

 ‘normalities are listed in parentheses in the statistical

tables. Pinacocytes have a larger cell size (13.4 x 11.2um)
than archeocytes but their nucleus size pf 4.6 x 3.%um is
smaller (table 7), Tﬁeir"ipclusions are'relatively large.
Sclerocytes closely resemble archeocytes in mean’ cellt
dimensions(table 8). Except for a greater cell length- in
sclerocytes, théy have a comparable cell width andﬁ their
nucleus size is nearly identical. The mean diameter of the
nucleolus of both cell types is' the same. The inclusions of

sclerocytes are the largest of any cell type. Spoligocytes

have a cell size comparable to archeocytes but their nucleus

is smaller (table 9). Although the sample size of spongocyte

inclusions was large, their distribution is not normal but
[

~very leptokurtic indicating the inclusions have a uniform

l
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-size. Granular cells are also comparable to archeocytes in
B . ER . ™ . -

cell siZe.yét again their nucleus is much smaller (table 10).

The distribution of the 1nc1u51oﬂs is’ négatively skewed‘and

platykurtic indicating a w:de variety of sizes, The.'
— N *

_spherulous cells have ' a mean cell size of 13.8 x ll.ma,

¥

making them the lérggé? cell element present in H. oculata

(table 11).-The nucleus, often crowded b§ spherules, ' is

small. As in spongocytés, the distribution of the'inclusions

v‘(spherules)"ls leptokurtic thus suggesting they have al

predomlnant sizeé in spherulous cells as- welr
. s, . \

°

Table 5: EIEmentary statistics of archeocytes (um). Nuc.l.:

nucleus length, - nuc.w.: nueleus width, nucleo.: nucleolus,

incl.: ’/ inc¢lusions, P:. no#mal: probability for a norma
. L ;

dlstrlbqtlon: ‘
' STAT./DIH. |LENGTH| WIDTH |uuc.n.‘|nuc.w.[mno.|mc:.,
SAMPLE SIZE |- 49 | 49 49 | a9 (f e | 100 ||
wean | 12.2 | 100 s [ e8| 18 fas
STANDARD DEV. | 2.0 | 1.9 | 0.9 | 0.8 0.4" | 0.8 |
vartance | 3.9.] 3.5'| 0.8 | 07| 0.1 | 0.6 J:
- sxmwmmss. | 0.5 0.3 |'o0.8 | 1.1 0.7 |25
' KURTOSIS . | o’ o5 | 0.6 1.0 | poa |17
wNteoM . | 8.7 | 6.5 | 3.7 | 3.6 [ 1.1, | 0.6]
MARINOM | 18.2 15.7 | 77| 7.3 | 2.9. d.zf
RANGE ' 9.5°1 9.2 ] 4.0 3.77| 1.8 |'3.6
Py NORMAL(S) | 96 .| 97. | 92 | 90 | 95 |83
. v . R ‘ ~
L ' _
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Table G'sl'E}émehtary s’éatigtiég of choanocytes (um).
_STAT./DIM.” | LENGTH | WIDTH | .NUC.L..| NUC.W. |.INCL.

)
i

SANPLE SIZE |/ 61 61 | &l 61 32 .

MEAN . 6.6 | 5.5 5 1 2.2 | 1.0

2
'STANDARD DEV. { 1.5 | 1.3 .| -0.7 | . 0.6 -| 0.3
.

varzance - | 2.3 | 1.7 | .o, 0.3 7] 0.1

‘| sxewwmss .| 1.0 | 1. | o0.9.| 0.9 | 01

KURTOSIS 0.7 { 2.3}, o0.6.], 1.2, | -l.1

MINIMOX | 4.4 | 3.6 | 1.6 | 1.3 | 0.5

+
L3

MAXTMOM 12,1 | 9.9 | 44 | 4.0 | 15
6.7 6.3 2.8 | 2.7 .1.0

’

1

Yy
{

L

* RANGE
Pi NORMAL(%)' 88 | 89 88 ‘| 88 | 92

Y

3

(A '
|

~Table 71 Elementaa,l.’y\, statistics of pinacocytes (um). - )
STAT./DIM. | LENGTH | WIDTH | NUC.L. | NUC.W. | INCE.

SA%PL; sizg | ' 12 ‘“12 | o127 a2 | B
| MEAR \ fa;tu u2 | we| 3s. 1.L
sTampiRD DBV.. | 2.z [.'2.2.| 0,8 | 0.8 0.3
. vamiAWcE | 5.0 | 4.8 |- 09| ‘05 | 01
1% skmwmmss, .| -0.2.| 0.6 | 0.8 | 0.3 | -0.4

by,

.

NINIMON 9.8 | 8.4 { 3.4 | 2.6 | 1.0f
mxinow ‘{ 16.6° | 15.4 | 6.3 | 53 | 1.8
RANGE . |- 6.8.] 7.0 | 2.9 | 2.7 | 0.8

P: NomAL(Y) | (95) | (95) | (89) | (95) | (90)

KURTOSIS -1.3 |--0.6 "} -0.7 | “ois | -1.3:

o
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Tal_:lle B: Elem'entary ";e.tatvis‘t{:"icé of’.‘s"c,l'e‘rocx_tes;('#m?) . L ¢
' STAT./DIM. |LENGTH| w:m'a'[ilpitxz@ggkgc.w/qmcmo.mcr{.
CSAMPLE SIZE | 12 | 12 | 12 12 | 7 |16
" eaw 1306 | 0.8 } 5.4 [ &5 18- 2.1
STANDARD DEV. | 3.8 | 2.6 1.2 o.é- 0.4 | 1.0
vaRIANCE | 14.5 [ 7.0 | 1,5 | 0.6 [ 0.z [ 1.0
SREWNESS 1.2°| 0.6 | 2.1 6.8 | 0.1 | 0.8
KURTOSIS 1.1 | 1.2 0.8 | 0. ',-é.'s_ 0.5
MINIMON. | 9.5 .‘ 6_.5 s.2 | 3.e . 1.3 o.ng
MAXIMUM 22.2 | 16.5 8.2 6.1 2.3 4.4
RANGE | 12.8 { 10.2 | 4.0 | 2.7 | 1.0 | 3.6
pe vomuaL(s) | (90) | (97| &9y | (o) | <85y - |180)
; — . ) T
" Table 9: Elex\nentéx.'yigtat;istiés oqu;‘)onhgocytes‘(pm).’ '
. STAT./DIM. | LENGTH [ WIDTH | NUC.L. | NUC.W. | INCL.
, T :
' SAMPLE §1ZE n 11 11 11 | 252
AN 12.0 | 9.6 4.0 | 3.3, | 0.6 |
smnmnpﬁnsv.' 1.2 6:9 ', 0.9 é.s ; 0.2
. VARIANCE 1.4 0.3 | 0.8 0.7 | <0.1
. SKEWNESS 0.5 | -0.5/'| -1.0 ~0.5..] 4.6 ‘
KURTOSIS -0.9 °| -0.5 1.4 0.3 - 4.3
MINIMUN 9.9 8.0 | 1.9 "1.8..]- 0.3
MAXIMOM 13,5 | 11.0 5:2 4 |23 |
RANGE 3.6 | 3.0 [+ 3.3 2.6 .| -2.0
Pr NORMAL(Y) | (93) _[ (92) (95) | (so\ | m
Q : - b W
} N ; |
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“Table 10: Elementary statistics Bf.granular cells -(um).‘

STAT./DIM. | LENGTH | WIDTH | NUC.L. | NUC.W. | INCL.
SAMPLE SIZE 10 10 8 8- 184
MEAN 12.2 9.9 ‘3.2 2.8 1.0
STANDARD DEV. ‘2.0 2.6 0.5 0.5 0.3
VARIANCE 4.1 6.6 0.3 0.2 | <0.1
. SKEWNESS 1.3 1.1 ) -1.6 0.4_ | 0.6
KURTOSIS 1.4 0.3 3.4 2.1 | -0.2

- MINIMOM 10.0 7.0 2.0 2.0 | 0.5
MAXIMUM 16.5 15.0 3.7 3.6 1.7
RANGE 6.5 8.0 1.7 1.6 1.2

P+ NORMAL(S) | (87) | (89) (85) (94) 8e |

Table 11: Elementary statistics

of spherulous cells (um).

STAT./DIM. | LENGTH | WIDTH | NUC.L, | NUC.W. | INCL.
vsmzl;s;xzz 12 12 11 11° - | 168
(EAN 13.8 | 11.8 3.3 | ls.0 1.2
STANDARD DEV. 1.7 1.7 0.8 0.9 0.4
VARIANCE 2.6 | 2.9 0.7 | 0.7 | 0.2
SKEWNESS -0.6 -0.8 0.7 1.1 1.7
KURTOSIS -0.1 0.0 2.3 2.5 4.0
MINIMUM 10.5 8.3 1.9 1.8 0.4
MAXIMOM 16.0 | 13.9 5.1 5.0 3.3
RANGE 5.5 5.6 3.2 3.2 2.9

P: uomgn-(s) (96) (94) (92) (90) 81




_33s

’ N N . v
Multiple regressions were calculated to "tést for a
.statistically discernable difference between the means of

-

4

each cell type dimeﬁsions (table 12). The - mean cell length

3

cells are

4

also statistically different

and width of most cell types are not statistically diffe;ent;
only‘ ¢hoanocytes are significantly smaller nthan all othe; .
.-cell types. The cell width of spongocytes and .spﬁerulous
o : from each '‘other and

spongocyte inclusions are statigt{cally discernable from all

other cell type inglusions. The mean nucleus length and width

of most cell types differ statistically.

This permited

certain cell type groups .to be established. Thus archeocytes

o

anddécierocytes Rave no discernable difference between their

nucleus

dimensions

cells. Hovever, these two cell

differenE

from

dimensions.

of

other

This 1is

spongoéytes, granular

'cell

also

types.

true

cells

.Furthe

for the

and

rmore, the

nucleus
spherulous

- r < s
type groups are statistically

mean

diameter of the inclusions in archeocytes and sclerocytes are

not statistiCﬁ}ly different."

©

Tabﬁe 12;: Multiple comparison of the m;aﬁs of céll_ types
dimensions. Cell type groups. are not-significantly different.

Note: the nucleolus of archeocytes and sclerocytes are not
significantly different. -
" LENGTH | WIDFPH | NUC.L., | "NUC.W. | INCL.
all - all archeocyte |archeocytearcheocyte
cell types|cell types and and and
except except sclerocyte|sclerocyte|sclerocyte
choanocyte|choanocyte|
spongocyte|spongocyte | spongocyte |granular +
+ granular +|granular +|spherulous
spherulous|spherulous|spherulous cell
- cell cell cell
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Thé ratios of varianceé between two cell type dimensions
are listed in table 13. The éiénificance level tovaccépt the
null hypothesis (no statistical difference)
Choanocytes were not included "in this analysis because of

their size difference. All variances from the dimensions of

‘archeocytes and scleroéytes except for cell 1length do not

differ statistically from each other. The variances of
pinacocytes for all cell dime€nsions except inclusions are
! jN

statistically -different from v&tiances  of archeocyte cell

. dimensions. Archeocytes, épéngocytes and granular cells have !

4 4

.comparable variances for cell length and width only.

Table 13: Analysis of variance (F values). An asterisk (%)
denotes the variance ratios which are not significantly
different. Note: The variances of the nucleolus of
archeocytes and sclerocytes are not significantly different.

is taken at 95%.

~~

CELLS/DIM. | LENGTH | WIDTH | NUC.L. | NUC.L. | INCL. |’
s Ve
ARCHEOCYTE | 3.53 1.17= | 0.00¢ |  1.12% | 1.47»
SCLEROCYTE ) . : ' .
ARCHEOCYTE | 4.07 3.48 8.47 10.52 | 1.98%
PINACOCYTE | . R :
m ) 0.01‘ 0068. 2‘.59 ' 29-59 538.95
SPONGOCYTE » :
ARCHEOCYTE |- 0.00* | 0.05% | 50.02 46.23 | 182.91
GRANULAR C.
ARCHEOCYTE.| 7.11° 9.11 | 50.90°| “41.06 | 68.62
SPHERUL. C.| o
SPONGOCYTE 0.02* | 0.162 4.90 2.48% | 376.48
GRANUL. C. :
. SPONGOCYTE | 8.00 14.95 | 3.56 0.61 431.31
SPHERUL.. C. .
GRANUL. C.| 4.20° 4.46 |. 0.10% 0.48% | 37.63
SPHERUL. C. *

b
-
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\Sphetulous ceils are statistically different in their
variances for cell length and vidth 'to the varianc;s ‘of
arcggocytes, spongocytes and granular cells. The variances of
the nucleus length and width for spherulous cells and

granular cells are not statistically distinctive. -

1
\ ! \

Cell Separation on Ficoll Gradients:

All attempts to obtain pure isolates of atcﬁeocytes'with
Ficoll gradients were unsuccessfull. Two fractions
should have contained‘ only archeocytes if cell se ration.
here followed ‘the process of. de Sutter and Buscema ((1977)
using fresh wvater sponées} when examined contained
archeocytes, sclerocytes, spongocytes, granular ceil and
some. undifferentiated cells. N6 choanocytes and very\ few
pinacocytes were present. Varying thé time period and/o? the
speed of .centrifugation yielded no .improvement in
separation of archeocytes from other cell types. M;st cells _
remained in the upper fractions when the time period 'was ' :
‘short or the centtlfuge speed low. Th,/ceiié w;;e pelleged to

the bottog of %Efﬂsgg;:%%nge/gage when t?ﬁﬁzrme period was

longer or the speed increased. The results are discussed

‘below.
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. . DI1SCUSSION

]

Haliclona oculata is a common Atlantic 'sponge on the
eastern coast of Canada and the Unisfd States. WHilé other
sponges from these regions such as Microciona prolifera have
been eihaﬁstivelg studied, lhg\\cytology of H, oculata has

remained largely unexplored. :Moreover, the cytology of

sponges in general is still 4 an eafly descriptive stage

despite the advances in electfon micfoscopy. There are close

to 30~cell types which.hav

been descri@gd, yet many Bf these
cell types have ambiguous definitions and their functions are
only speculative. Simpson (1984) gives a complete review of
s far descr&bed; This study concentrates on
s, examined in Haliclona oculata and how they

compare in general to those found in other siliceous marine

sponges. Although Pomponi (1974) studied several Haliclona

species, her observations were made with light microscopy and

accurate comparison is not possible. Garrone (1969b) has

looked éxtensively at Haliclona rosea but he described mostly

the spongocytes. The observations on spongocytes presented

in this study agree with the results obtained by Garrone.
\

General:
Healthy sponges collected during the sample period had
active choanocyte ‘chambers and a pinacocyte  layer.

\

Temperature records of Passamaquody Bay for this perioé
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shoved the water temperature to be 4°C or higher. No

coilection was made during the winter months but recorded
+

temperatures of less than 2°C in winter may induce the

sponges to assume a semi-dormant overwintering stage as was

‘ shown by Simpson (1968a) in Microciona prolifera.

ar
s

The specimens kept in a cldsed aguarium did_npf survive
a Py . e .

more than 3 weeks. No bacterial or algal food was proQided
and this is’ undoubtebly a major factor. Rasmont (1963)
demonstrated the importance of feeding in the fresh Jwater
sponge prydntia fluviatilis. The addition of strég\omyc1n
m§y also have helped check bacterial growth in the aquarium
However, when fixed w;th1n‘the girst week of captivity, the
cells showed most of the qharacteristics of the cells fixed
in the field"™although the latter «cells in some instances had

more Golgi bodies and all cell types were better‘preserved.

Live specimens kept at Huntsman Marine Laboratory survived . -

beyond .a month of observation in an open aquarium constantly

flushed with fresh unfiltered sea water from 'Passamaquodyﬁ

Baf. Therefore, the artificial sea water used alone may not
be sufficient to sustain normal sponge activity due to the
liﬁit;d availibility of trace minerals and nutrients,

The spicule size for oxeas recorded in this study is
representative of H, oculata from the Bay of PFundy as
reported by gartmén (1958) but the presence of proper styles

has rnever been documented. They occur in all specimens

-
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examined. They make up less than 10% of the skeletal spicules
and they are larger in mean length and width than the oxeas.
Their location within the skeletal network is not known

(random ?).

Y

»

Many developing larvae were present in specimens
collected in August. Topsent (in Hartman, 1958) also reported
in the early 1900's the occurrence of larvae in H., oculata

taken from the coast of France during the month of August.

The gemmule-like spongin-bound bodies found in the stalk-

/ .
of all sponges collected confirm the observations made by

A oculata. The incuﬁatiop

of these bodies also duplicates the negative results obtained

[

Topsent (1888) and Fell (1974) in
by Fell. The bodies may be gemmules formed when the sponge
was in° its early growth staaes in order to survive adverse

conditions. Once the sponge is fully ‘grown, the gemmules,

_imprisoned within the stalk appear to become impotent. The

limited observations from thick sections did not permit the:’

accurate characterization of the cells within the bodies.
Further observations are required to determine the source of

<
the cells found in these bodies and their longevity.

The chemical dissociation of the sponge permitte a
larger sample of the cell population:to be fixed and examined
at one time, unhindered by the spicules and perispicular

spongin. Cell permeability to trypan blue after /such

b e e p—r————— e
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procedure was low (<1é) indicating high retention of cell
viabilityL‘Some cells fixed within the skeleton and embedded
in Spurr were examined but the thin sections were of poor
quality and extensive observations were not possible due to
the score marks leff by the spicules. An altern?ﬁ&ve tqrghis
problem would be the desilification of the” sponée skeleton

within the epoxy blocks as done by Mackie and Singla (1983).
- -

~ =

Disadvantages of the chemical dissociition ére that some
cells involved 1in skeleton secretioh may still be fused to
the skeletal network while larger cells - may rup:;?[:'el when
passed througﬁ a 25um plankton netting. Therefore, the sample’
size of each cell type cannot be representative of their
proportions within the sponge.’ The‘ cell position with
respect to the rest of the spoAge is also altered yet the

results produced in this study show that accurate

identification can be made with dissociated cells,

The fixative used by Cloney and Réeed (1979) incorporates

27 gr/1 NaCl with the glutaraldehyde which is the approximate

' concentration used in the artificial sea water - of Humphreys

(X963). Garrone (1969b) used 18 gr/1 in his gixative vhereas
Boury-Esnault k1973) added no supplemental salts. The cells
fixed in the field gave'consistent results asu did the cells
fixed at the McGill laboratory. The osmolarity was not tés;ed
and minor adjustments may help in improving the fixative.

!
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Cell Types of Haliclona oculata:

1. Archeocytés:

Archeocytes are considered to be the stem cells or the
embryonic reserve for all other cell Atypes in the sponge.
There is some direct evidence of their totipotency in fresh
water sponges (Buscema et al, 1980). Furthermore, the
gemmules of fresh water sponges contain binucleolate
archeocytes which when hatched, differentiate to form an
adult sponge. The primary function of archeocytes when
undifferentiated 1is to phagocytose cell debris and food
particles trapped by the choanocytes. As outlined
previously, they are éharacterized by a ﬁucleolate nucleus -

.

and large phagosomes.

Galstoff (}925) described/the arﬁhbocytes of Microciona
pﬁvlifera as celis of 7}9um in diameter with a large
nucleolus and. 1l-6um granules. Wilson and Penney .(1930):
studying the same species found archeocytes of similar size ~
with a nucleus of 4um, a nucleolus of 2um and inclusions of
0.5-4.0pum. Simpson (1963) and Bagby (1972) recorded similgr
observations for M. prolifera but the nucleolus averaged only.
1.0pum in diameter. Lévi"(1956) reported archeocyges of Bum
with a nucleus of 3-4um in Halisarca dujardinii. Borojovic
and Lévi (1564) described in Ophlitaspongia seriata

archeocytes with a nucleolus of 0.7nﬁ and phagosomes of
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0.5-3.0um in diameter. The mitochondria were 0.4-0.5um in

diameter and RER and Golgi bodies. were present. Simpson

. (1968b) studied many Microciona species as well as other

genera. The archeocytes varied in cell size from species to
species, but all “cells had an average nucleus size clos; to
4.0um and a nucleolus of 1.0um. It must bé(:fkntioned here
that many of the observations of Simpson and™> other workers
were made ffom explants or cell aggregates. Therefore, the
cells ;re more likely to be actively dividing and thus

smaller in size tﬁan adult cells”/The cytology of Haliclona

viridis, H. rubens and H. variib!lil has been studied by

Pomponi (1974). The archeocytes of these species are ’much
smaller than reported here. Their cell size averaged 8 x 6um

vith a nucleus of 3.Sgm.

"~ The archeocytes of H. oculata have an aver;ge cell size
of 12 x 10um and a nucleus of apprgximétely Sum in diameter._
Hartman (1958) noted that spicules from northern specimens of
H. oculata were significantly larger than southern specimens.
It is therefore. possible that cells from northern specimens
are also larger than sqptheqp specimens. This would explain
the difference in céll and ﬁucleus size between H, oculata
from the east coast of Canada and other species'from the east
coast of the-Unitéd-Statés. The inclusions of archeocytes-in

H.oculata contain acid mucopolysaccharides as in other

~ Haliclona species reported by Pomponi. Spongin "A" bundles

are common in the cytoplasm of archeocytes. Gross et al

!




-42- : .

(1956) studied in detail the ultrastructure of spongin "A" in
. ¢ :
H. oculata. The spongin fibrils measured 20-25nm in diameter

And they had an axial periodicity of 63nm. The fibrils

-

examined in this study are also '20nm in. .diameter but the

_axial periodicity discernable is onl$ 20nm. However, Gross
’ NG

‘et al did find some interbands measuring 20nm iq.the'spongin

"A" of H. oculata. o !

2. Choanocytes: o _ - \
[

The survival of any sponge depends on its'water filtering
capacity. The main function of choanocytes is to.maintain a
water current through the sponge canals ) by 'flagell'ar
undulation. This brings ‘food particles in and waste is
carriéd out. éood matter is trapped by the choanocytes ?nd:it
is either digested by the cell or transferred to surroﬁnding

1

archeocytes for intracellular digestion. .

)
L . -r

y . I %

Galstoff (1925) found anuclgolate choano;ytes of 3um in

digmeter in Microciona prolifera. Wilson and Penney §1950)

- measured its nticlear diametge as 2um which was confirméd by

Simpson (1963) in studying the }egeneration stissue of M,

prol!fer;. The ChoanOC%t;;\Of other Microciona species were
examined by Simpson (1968b) and tﬁeir cell size ranged from ]

3.5 to 7.0um in diameter. However, all nucléi measured close

to 2um, Tuzet (1932) found a nucleolgsfﬁn the choanocytes of

‘two Reneria species as did Léwi (1956) in the choanocytes of
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‘Halisarca dqjirdihi%%—,,;ﬁaftone ,ﬂ\(196?a)' studied * the

dhdanocytes'otxyaliclqpa ;glgp!3 They were 3-4um in diameter
h\

and contained miieeh;;a?fif*nzn and a "'Golgi body. Pomponi‘

examined other Haliclona species " and found .choanocytes

,¢q§eraging 3.5um in diameter in each species and all contained

acid mucopolysaccharides in their inclusions.as is reported

[N

here.
I [
) . o
The average cell size of choanocytes in H. oculata is
quite lgrge at 6um. Yet fhe-average‘ nucleus size of 2:§ x
2.3um is comﬁarable to values reported fér choanocytes 'ib

/

nucleolus could be seen -in the center of the.nucleus but most
choanocytes observed had chromatin lining the nuclear inner
membrane. Afthough{tébort?d in other sponges, the presence of

a Golgi body in the choanocytes of H. oculata has not been !

—

determined. Mitochondria and RER are ~ common and

phagosom;—like inclusions are present suggesting choanocytes

' can ingest particulate food.

! N - -
’ '

3. ?inacocyiés:

Pinacocytes line the exterior surface of the sponge as
well as the water canals running through the ;ponge and they
act as a barrier to outside elements. Pinacocytes may also be

involved in food capture. Willenz and Van de Vjver (1984)

have shown that the pinacocytes of Ephydatia fluviatilis can

/

/
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?indest latex beads as well as llchoriqhitholi bacteria. .

- N . S " ¢

Galstoff (1925) first examined the ‘pinacocytes of

B L]

o - uicrociona, pralifcra. According to hié observations, the

prnacocytes measured 3- 5um in dzameter and they had a clear

. protoplasm. However, W1lson and Penney (1930) reported that

-9

'the’pinacocyte% of the same species were syncytlal w;tb_a

nucleus'of‘3um in diameter. This was later refuted by Simpson'

(1963) and Bagby (1970). Lévi (1956) found 5 nucleolate

' nucleucn of 2°5:§£0“m in the pinacocytes of Halisarca

' X dujardfgii. Although ;impson (1968b) also found a nucleolus
v in the pinacocytes of some ﬂicrocioma‘species, these-occured
,only in regeperating explantgtissde and not . in the adult
sponges, The nucleus in, each species averaged 4yﬁ in
dlqmeter.“Bagbx §1970) also recorded an ‘average nucleus size

of -4um ﬁor‘xhe p1nacocy§ps of . N. proliferq. Tbe cells
contained' a few m1tochondr1a, RER and éolgi bodies.
,cellsz ﬁagpy (197?)'not1ced that the flattened shape or club
projection (T-shaped) of the pinacocytes was lost once the

'Eponge vas dissociated;, the cells became more or less

spherical. Boury-Esnaulr " (1973) reported that apart from

fresh vater specimens, all HaploSclerlda (to which H. oculata
' L belongs) had . T-shaped blnacocytes. However, Pomponi (1974)

found no p1nacocytes in the Haliclona species she studied but

a "protdplasmic layer* was present: in H. viridis.

4 4 ‘ a

. . - wda
- .t

Multivecicplar bodzes aﬂd phagosomes were found in some
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In the dissociated sponge tissue of Haliclona oculata, °
pinacocytes have no definite shape. However, when examined

from intact™ sponge samples, most pinacocytes are extremely

flat and elongated. They have a greater ce}l size than
archeocytes in dissociated cell samples. Their nucleus is

anucleolate and its size of 4.6 x 3.9um is compagable to the

-
. :

" nucleus in the pinacocy;es of other genus. Thefe are some
yitochondria, RER and pﬂagosomes as 'répérted in other
‘éponges. The phagosomes can S% as large _as those in

‘ archeocytes lending support ,;?5 the phagocytic role’ of
pinacocytes‘as suggestqd by W1l en;/gnd~ Van de Vyver. The

‘Golgi bodies - /gre‘obServed so ly in pxnacocytes which vwere
taken from sponges fi3xed in the field as controls. This shows.

v

the inability of the artificial sea water used aldne in the
¢ ~

laboratory to sustain normal-cellular activity gér‘ long

periods of time.

4. Sclerocytes: ‘ : L. ‘

e ’ ol : -
4 , -

The sp1cu1es of the sponge skeleton are -secreted by
sclerocytes. Hartman (1958) examlnea 1n*\‘ta1l the features

‘of the spicule skeleton’ in H.:.oculata and the reader is

refered to this study for fuqbﬁ‘r information on the skeleton °’

, of the sponge. There are“soqe citations of sclerocytes in._
F . ) ~

other siliceous marine spohges but they are often described

R - N
~

" simply as archeocyte-like., .

4 El
]

Y
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L



-46-

Tuzet (1932) first recognized spicule-secreting cells in
Reneria elegans and R. simulans. She -described the
"silicoblastes" as nucleolate <cells with a granular

protoplasm, Golgi body and mitochondria. Lévi (1963) studied

~
<

N
the 'sclerocytes k tf Mycale contarenii and reported the

-
presence of a small nucleolus, 0.15um ribosomes and 1.5-2.0um °

. ’

-

vacuole containing a/spicule but no endoplé%mic reticulum or
‘Golgi bodies-were ,&ound. Theré are however suggestions that
theée cells " may be spongocytes _ (Reiswig, personal
Eommunication). The ribosomes in bundles reporfed by Lévi are
similar in description to the RER observed in spongocytes‘
from H., oculata (this study) and H. ros?a (Garrone, 1969b).
Simpson (1963) found in Microciona prolifera archeocytes
which é@ntained spicules. The célls measured 11-19 x 5-12nm.
with an average nucleus and nucleolu; size of 3.7 énd 1.0pm
respectively. Garrone (196%9b) described the sclerocytes f;
Haliclona rosea as nucleolate Fell% with many mitochondria

and microtubules. There were no sclerocytes described in the

Haliclona species- studied by Pomponi (i974).

b
<

The scierocytes exafined from H. oculata are indeed
archeocyte-like. The cell dimensions of the two cell types
_are nearly identical. Howeve;, the make-up of the cytoplasm
i; the sclerocytes is different, There are few phagosomes,
the cytoplasm is vacuolated with one large vacuole secreting

the spicule and t?gre is little RER. The Golgi body as in the

archeocytes is poorly defined.
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5. Spongocytes:

?X

The spicules of the sponge skeleton are bound together
with spongin. This material is secreted by spongocytes and
possibly -other cell types guch as granular cells and
spherﬁlous cells discussed eisewhere.

i

Wilson and Penney (1930) first recognized the presence of
spongocytes in Microciona prolifera but they ga;e no
description of the cells. Tuzet (1932) studied the
spongocytes of two Reneria specie5. The cells measured 9x10um
and contained a nucleus with a regressing nucleolus. A Golgi
bddy and mitochondria were presént. ‘Lévi (1960) described
the "ameobocytes spongoblastes"” of Ophlitaspongia seriata as
cells mea;uring 10 x 2-4um with a nucleolate nucleus of
2-3um. Simpson (1963) examined the ce}l types of uicroctgga
prblifera and he observed nucleolafe cells filled with

cytoplasmic inclusions. The cells were in close contact with

spicules and histochemical results suggested the inclusions

. ¢contained spongin material. Garrone and Pottu (1973) reﬁbrggd

on the spongocytes of Haliclona eleganl: The cells had a
nucleolus and a finely granular cytoplasm filled with 0.Bum
inclusions which contained amorphous and fibrillar material.
The authors remarked that these cells had vell developed

endoplasmic reticulum.

The structural and chemical analysis of .spongin wvas
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undertaken by Gross et al (1956) to establish the
relationséjp of spongin with the connective tissues. of higher
phyla. They found in Haliclona oculata as in the other
sponges examined, two types of Spongin.‘The spongin "A"
bundles contained long non-branching fibers of 20-25nm in
diameter uhicML;howed an axial periodicityaof 65nm. Branching
spongin "B" fibers were made of microfibrils 1less than 10nm
inbdiametev which wvere embedded in an a?orphous‘material; The
authors occasionally observed an axial periodicity of 65nm in
the fibefs. The axial periodicity ;f both spongin fibers was
comparable to éhe axial periodicity of the collaéen tissue
from the Vertebrae phyla. Chemical analysis af the spongin
"A" and “B" from Spongia gran}nea revealed fhe presence of
the same amino acids and sugars found in mammalian collagen
though their proportions varied from the latter. Garrone
(f969h{ studied both spongin fibrils from Haliclona rosea.

The perispicular spongin "B" fibrils were 5-10nm in diameter

dnd showed an ax@hl periodicity of 65nm. .Spongin "A" fibrils

vere 20nm in diameter and their axial periodicity was 25ﬁiﬂ/

The /gbservations‘*of this study support previous
descriptjbﬁ of spongocyte cells. In Haliclona oculatas, these
cells wvere often nucleolate and their cytoplasm was filled

with inclusions of O0.6um 1in diameter. As reported in

Haliclona elegans, the spongocytes of H., oculata have well

developed endoplasmic reticulum distributed throughout the

-

cytoplasm. A bolgi body was found predominantly in the

.

e

e
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sﬁbngocytes of specimens fixed in :the field vhere active
secretion and growth of the sponge is certainly enhanced.
Garroné and Pottu (1973) speculated on the origin of spongin
"A" and "B" from a single cell type. The present study
reports the first observations of such an occurence in the
phylum of H. oculata. Spongin "A" fibrils are often:present
in archeocytes but some spongocytes also have small bundles
of spongin "A" which are slightly larger .than .their spongin
"B" inclusions. The fibrils have a diameter of 20nm and an
axial periodiecity of 20nm. Fragments of the perispicular

spongin were examined in some cell samples. The Spongin "B"

- fibrils have a diameter of 7nm. No axial periodicity was

€

discernable from these fragmenté although better preparation
of the material by Gross et al' did reveal ~an axial
periodicity of 65nm, Structured bodies aaarepofted by Garrone
and Pottu were not observed in the few fragments of
perispiculé} spongin "B" from H., oculata. The inclusions of
the spongocytes were regularly banded ’when viewed under high
electron density. Each band measugéd aﬁproximately 7nm w{th a
more proﬂgunced band at 28nm intervals. TPere can be little
doubt that these inclusions ';:é precursors to the spongin
"B". Most inclusions contained amorphous material from which

the bands appeared to form. Observations on granular cells

and spherulous cells suggest that _the bands themselves are

the spongin "B"-fibrils and not their axial periodicity since

no fibrils were found to display such a periodicity. The

structured bodies reported in H. elegans by Garrone and Pottu

-
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(1973) have & similar appearance to the inclusions in the
spongocytes of H. oculata. However, further research is

varranted, particularly on the secretion of the inclusions,

" to learn the exact nature of these bands with respect to the

. ultrastructure of spongin "B" fibrils.

»

6.‘Granu1ar Cells:

There are several citations of granular cells in sponges
but a§ Simp;on (1984) acknowledges;l tﬁsy are not -‘well
characterized. °~ It is the author's belief that the
observations reported here show specific characteristics of
the granular cells in H., oculata which will help in
determining the function of these .cells. The following
discussion compares the granular cells - of other species with
those of H. oculata and it takes into consideration the
suggestfon made by Garrone (1978) that granular  cells,
microgranular cells and gray cells may ‘sgcfete collagen

»
fibrils.

Tuzet (1932) déscribed in tvo Reneria species cells with
small granules and cells with large granules: éhe believes
the cells with small granules to be equivalent to the gray
cells of Microciona prolifera as reported by Wilson and
Penney (1930). The cglls with large granules measuréd

12-13um, the nucleus had an irregular nucleolus, the granules

~were lpm in diameter and mitochondria and a Golgi body were ’

P

.
.
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present., Lévi (1956) found in Halissrca dujardinii cells with
granules which he called ;cellules fuchsinophides”. The cells
were 10um in diameter, the nucleus was nucleolate and there
were many round or rod-shaped inclusions of lum. Simpson
(1968b) reported on the graﬁular cells of two Reneria and
Lis;odcndo:yx species. Their nuclei were anucleolate and
averaged 2.5um in diameter. Their inclusions were 0.5-1.7pm(
in diameter. Pomponi (1974) observed granular cells in
Haliclona variabilis only and two Callyspongia species. The
cells in each speciés were approximately 10gﬁ in diameter and

/
a nucleolus was often present. Microgranular cells have been

reported in several sponges but the size of the inclusions

(0.5xm) suggests these cells may have been spongocytes.

»

The granular cells of H. oculata vere the most altered by

“

the artificial sea water. As compared to granular cells from
control s;mpleé fixed in the field, the cells fixed in the
laboratory had fever cygoplasmic organelles and their
inclusions werelﬁét as homogeneous having often both granuiar
and fibrillar materials. The nucleus, sometimes nucleolate,

was 3.2 x 2.8um. The fibrillar material showed regular bands
!

of 3nm in width with some larger bands of 7nm visible., A

Golgi body was found only in the cells fixed in the field.

Mitochondria and RER were present. The fibrillar material
bears a close’ resemblance to the material in the inclusidns
{ hd ' ), »

of spongocytes. The amorphous material in the ' inclusions of

granular cells from control samples* showed some banding. The

z - /
.

A
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\. ~ .
reason for the consolidation of |the material in the
inclusions %f granular cells kept in artificial sea vater is

not known., N

‘ Gr;y cells were studied by Wilson and Penney (1930) in

Microciona ﬁrq{ifar&. ‘The cells measured 14-10 x 7um with an

. anucleolate nucleus of 2-5zm and many granules of 0.5—1.0uﬁ

in diameter. Tuzet (1932) reported on cells with small

“"granules - making an analogy hto the gray cells studied by

Wilson and Penney. The cells measured 8-10um and the nucleus
had an irregular nucleolus. Simpson (1968b) stqdie@ several

Microciona species. The gray cells in each species varied in

cell size but all nuclei were anucleolate and measured

\, ,
2.0-3.5um. -The cytéplasmic inclusions were 0.2-1,lpgm in

diameter. Histdochemical analysis inqicated the presence of

glycogen. Borojovic and Lévi (1964) and Lévi (1966) observed
rose;tes of 0.18um, beleived to be glycogen, in the‘ gray
cells of Ophlitaspongia serieta, Mycale contarenii and
Pachymastima j nstoni . Bagby (1972) examined the cell
?opuiation of ufcrocioné prolifera. The gray cells had a
nucleus of 1.5-2.5 x 2.0-4.5xm with a nucleolus of 0.5-0.6um.
The xinclusions megsured 0.3-0.6 «x 0.6-1.pum.' Glycogen

gran
|

1

0.3pmk Golgi membranes were occasionally seen close to the

les were present as were ovoid mitochonéria of 0.4 x
nuclers. Boury-Esnault (1977) Zstudied the gray cells in
several sponge species. The inclusions were of a constant

size within each species. They measured from 0.1 to 1.54m.




e

. shov the presence of glycogen

_53_

The author noted that when the sponge Polymastia mesmilaris

wvas kept in hypoxic conditions by continuous bubbling of

nitrogen; the gray cells accumulated -glycogen rosettes.

she characterizes gray cells as having numerous

Alt?ough

osmiophilic inclusions and glycogen fbsettes, the glycogen

a

content of these cells may depend on environmental conditions

as she has shown..
/A . ! .

®

No glycogen rosettes were observed in the spongocytes or
granular cells of H., oculata. Howvever, histochemical result;

in the spongocytes. Since

granular cells could not be differentiated from spongocytes

under li%:t microscopy, the presence of glycogen inlgranular

cells can only be considered speculative at the present.

Apart from the presence of glycogen 1in gray cells

(subject to environmental conditions ?), there are no clear

distinctions established between the gray cells and the

granular cells. The inclusions of both cell types cited in

the literature are often very similar in size although the

gray cell inclusions are said to be smaller. Therefore, it is

possible that both cell types are closely related and may

secrete collagen fibrils as suggested by Garrone (1978).

Further investigation of the inclusions in gray cells is

needed to detérmine their exact nature.
{
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7. Spherulous Cells:

N

N
L

There are many reports of spherulous c;lls in sponges.
These cells have a great variety of inclusions and the reader
is referred to Simpson7(1984) for a complete review. However,
many studies have shéwn that spherulous cells contain
antibiotic substances. 'hretting (1979) has reported the
presence of lectins in the spherulous cells of an Axinella
species. He suggestfd these lectins could play a role in the
immunological response of the. sponge toward ® other species.
Spherulous cells:in géneral a;;> believed to have a secretor;~
function and observations from this study support this view.

In='H. oculata, these cells are characterized by the
presence of a dozen or more large spherules which can fill
the, entire cell. The nucleus is rarely nucleolate. There are
very few cell orgaﬁelles and no Golgi bodies were found. The °
inclusions can be completly electron translucent or they may
contain amorphous amd fibrillar material. The fibrillar

material 1is similar in appearance to the material in the

inclusions of spongocytes. Furthermore, fibrils of 7nm in-

" diameter are clearly distinguishable in some spherules and

may correspond to the spongin "B" fibrils of H. oculats.

.This provides strong evidence to support the secretion of

spongin by spherulous cells as suggested by Garrone (1978).
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-, 8. Globoferous Cell Inclusions: ,

No globoferous cellé per se were found in the cell
simples of H. oculata but two large uniform iﬁclusions were
examined and are believed to be from globoferous cells. The
‘inclusions are similar to those reported by Borojovic and
Levi '(1964) from Ophlitaspongia serieta. The inclusions
containeg microtubule-like bodies which measured 18-20 x
.70nm. In H. oculata, these microtubule-like bodies were 68nm
in diameter. It is presumed that a cross section of the
inclusidn;wqas obserzgd, t§erefore theré is no data on the

P - - a
length of the microtubule-like bodies at the present if they

-

are indeed such a structure. No globoferous cells have. been
reported in other Haliclona -species. The function ' of thes4

inclusions is not known,
Statistics: ~

. The various statistical analysis of this study permitted.
further definition of the cell types. Although |a great deal
of Qariation in the measurements can bg expected\ due to the
very small cross- sections taken, this new approach will help
to eliminate ambiguities in the dimensions of different ce{l
types. Hence, from the meaiyrémeqfs recorded, it is concluded
that archeocytes and sclerocytes are physiologically closely
related whereas choanocytes\ and pinacocytes differ

significantly from all other «cell types. Pinally,
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" three 'types: nucleolate cells, . anucleoléte cells
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spongocytes, granular cells and spherulous cells have

different inclusions but their nuclei are of similar

.dimensions.

Cell separation f? Ficoll Gradients:
i o
. N : \
Observations on the differentiation of archeocytes into
other cell types have been reported. However, these are
limited to tfansformation ‘ into choanocytes (Rasmont and

Rozenfeld, 81) and pinacocytes (Bagby, 1972), and little is

’known of’ the transformqfion of archeocytes into the various

cells with inclusions. Recent. .studies have shown that

. spherulous cells contain antibiotic substances. Therefore,

cells with inclusions may have different functions. This
study did not concentrate on the biochemical make-up of the
cells and observations here indicate that spongocytes,
granular cells and spherulous cells may secrete collagen
fibrils.) Could antibiotic elements be present with the

L]

collage\? Further work on the Qdifferentiation of these cells
.-

is needed to determine their function and the ‘source of their

different inclusions in various species.

" Agrell (1951) attempted to separate the cell types of

Halichondria panicea on sucrose gradients. He described only

and
flagellated cells. The nucleolate cells which were geparate

wvhen incubated, differentiated into a /functional sponge.

T e e s e
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However, there is no evidence to suggest the cells Agrell was
able to isolate we}e exclusively archeocytes. Burkart and
Burger (1977) studied the cell population of Microciona
prolifera. They made a rough cell type separaﬁion using
Ficoll gradients but as with Agrell, they did not distinguish
different nucleolated cells. De Sutter and Van de Vyver
(1977) isolated the archeocytes of the fresh water sponge
EBphydatia fluviatilis with multiple Picoll gradients. The
archeocytes, when' incubated, formed a functional - sponge. De
Sutter and Buscema (1977) devised a method to isolate
archeocytes from the same sﬁonge using 4 Ficoll gradient; and
Buscema e}’al'(lgsﬂl made observations on the differentiation
of the isolated archeocytes with electron microscppy. These
observations constitute the only direct evidence  of the
ability of archeocytes to differentiate into other cell types
of a sponge but most specimens used were grown from gemmules
for one week only. Indeéd, de Sutter and Tulp (1931) working
with the same material and similar methods ‘admitted finding
many archeocytes which contained vitelline platelets. These
structures are characteristic ﬁof gemmular atchéocytgs,
therefbré they cannot be considered adult sponge cells ’as
previous observations indicated. Furthermoré, only 4 cell
) f&pes are present in such juvenile sponges: ;rcheocyteé“
(gemmular?), choanocytes, pinacocytes (often nucleolate) and
sclerocytes (archeocyte-like). Finally; Van ‘de Vyver and

Buscema (1981) noted that sponges gqrown from }solated

. archeocytes oversecreted spicules and contained fever
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choanocyte chambers than normal sponges. This could be caused"
lby the lack ofg food and cell debris available - to isolated
cells. B
The isolation of ércheocytes from the cell population of
H. oculata was not successfull. Alfhough many modifications
of the method used by de Sutter and Buscema (1977) were
tested, the best results obtainable vere not those desired.
. Many nucleolate ° cells ’were present in ‘the bottom cell
fraction but they ?ncluded spongocytes, granular cells and
sclerocytes as well as other.undifferentiated cells. FurtE;r
.separation with this method may not be possible on écgb
<§impfe dradi;nts since there are more cell types present in
the adult spo;ge and many of these have similar. cell
digenéions. No top gradients were collected for exaﬁination.
« *Since choanocytes were absent from the bottom gradient, it is
infered that these cells were éeparated in the top gradients.
Hence, the Fiéﬁll\gradients wvere .effective in sepa}ating the
small cells’gn}y. The ‘use of CMF-SW Eo ‘make.the Ficoll
gradients could also have .affected the density +«f the
different gradients. Naturally, the éensity of marine sponge
cells in an adult specimen is likely different from that of
cells from a juvenile fresh water sponge and the use of other
Ficoll concentrations may improve on the results obtained
here. The isolated cells when examined, were also in a poor
state of preservation. Yet, the cell's permeability to trypan

blue was insignificant after the dissociation procedure. The
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centrifugation of ﬁhe cells after sueh=dissogiatién could be

Cad

R

the cause of some cell detzifoiﬁtidn. Cl
In conclusion, the 1solPt1on of afcheopyhes from an adult
sponge cell population w111 llkely require a more extensive

array of Ficoll gradients or successive centrifugation to

acquire the desired cell fraction. Moreover, this study has. -

shown - the presence of at least 7 c?ll types in  adult
spéciﬁens of H. oculata. Evidence is bresented to support
thF secretory role of granular cells and spherulous cells.
The observatxons indicate for the first time that these, cells
may sgcrete spongin "B" fibrils as do spongocytes. Finally,
the statistical apalysis of cell dimensions has*® further
defined eacﬁ cell type from the cell population of Haliclona

oculata. -
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1. Specimens of the sponge Haliclona .aculata {Demospongiae,
Haplosclerida) were collected from Passamaquody Bay, New

Brunswick in April, June and August 1984 and health&
a ~ , . R j . .
specimens were transported back to Montréal, Québec.

'dl l,:
2. The sponges, kept in artfficial sea water, were chemically
dissociated in a calcium-, magnesium-free medium. Two samples
‘of the resulting cell suspénsiop,from gach of two specimens
! L J

were fixed in gluteraldehyde and osmium tetroxide, dehydrated

dand embedded in Spurr epoxy resin. Some samples were also

" fixed and embedded in paraffin. ‘

¥

3. Thick sections £roim the paraffin blocks were stained for

glycogen, mucosubstances and mucopolysaccharides and examined
) . .

under light microscopy. Thin sections from the epoxy blocks
were stained for contrast with uranyl acetate and lead

citrate. They- were examined and photographed with a

o

transmission electron mic§oscope.

4

\
A - a
4. The ’ various dimensions of the cells and cell inclusions

. were measured from electron micrographs. The cells vwere

categorized into types by the presence of a nucleolus, cell
? L0 7 B

size and theEinciugioﬁs present. Statistical tests were made

to further define each cell category. ‘ |

[ ' .
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" 5, Seven cell types were found in adult tissue of H. oculata
throughout the sample period. Théy are: archeocytes,
choanocytes, pinacocytes, sclerocytes, spongocytes, granular
cells and ‘spherulous cells. Globoferous cells may also be
present in this sponge as two inclusions similar to,those

reported in globoferous cells of other species were found.

6. The isolation of archeocytes from the other cell types was
attempted using Ficoll gradients. A cell sample wvas
centrifuged through four Ficoll biadients (4%, 6%, 8% and
10%) and the bottom gradient (10%) was collected, washed with
artificial sea water, fixed and embedded in Spurr.: This
gradient contained not only archeocytes but sclerocytes,
spongocytes aﬁd granular cells as well as some

v

undifferentiated cells,.

7. The results of this study are discussed in comparison to
previcus observations made on similar material from other

sponges. A ‘hypothesis is presented for the function of the

~—wvarious cells with inclusions.,

i
o

\

4
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