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jclarkt and Cucuwmaria lubrica: " Lo . (

to nine satelllte pro;éct'ons.:{g

\

ABSTRACT

“u ] ) . S ';,',' L .- el .
This research has included studies on spermatogenesis, egg invest-

° N 2 .
: . . . : ‘ .
ments and acrosomal reactions in the sea cucumbers: Leptosynapta clarki,

4

Cucumaria Zubriéa'and Cucumaria pseudbourata. The most -significant

-

‘f1nd1ngs are llsteé Below ‘ ’ . s

1) Spermatogonla, spermatocytes and spermat1ds of Leptosynapta

il
.

Spermatogonla are 301nedby dense JunCtlons : Proécrdsomal

-

granules_are evident in Jate spermatogonla A tubular bgdy exists in
. o ~

'spermatogénia of C. lubrica. Spermatocyte;_are ‘charactgrized by flagellar

formation, centriolar Batellitps,_striatqd rootlets and a .chromatoid body

in L. clarkz. Spérmatids are joined by cytoplasmic ridges. The nucleus

of the C. lubrica spermatid elongates wifhout the aid of microtubules.

2) Spermatozoon of Leptosynapta clarka'-

[

- The Sperm has a c1rcu1ar head . mpasurlng 3.0 u, a mldplece conta1n1ng

a.mltochondrlon'and a tail 45y long The acrosomal reg1on 1saat the
- < '

anterior tip and’ contalns a granule measurlng 0. 7 u in d1ameter which

u

consists of dense conwentrlc lameilae. Typlcal prox1ma1 and dlstal

centrioles lie posterlor to the nucleus. The distal centrlole glves rise

N

3) Spermatozoon of Cu

The sperm con51sts pf a cYlindrical head 1.5 y in diameter and

"5.2 1 in length a mltochondr'al mldplece 1.9 y in length and a ta11 65 u

contalnlng a dense Sphere, 15 located at the

long. An acrosomal f

anter1or t1p of the cell The nucleus is 6.8 u long and tapers to a

dlameter of 0.5 at the posterlor end The m1tochondr10n suzrounds the

= ha



posterior 1.6 ¥ of the nucleus. Typical\proximﬁl and distal centrioles

lie '‘posterior to the nucleus.

4) Spcrmatogonla spermatocytes and spermat1ds of Cucumarza
A

pseudbcurata: i '

~

Six stages are evident during spermatogenesiS' pr1mary spermato-

‘ gogfa, secondary spermatogon1a, early spermatocytes late spermatocytes,

¥
spermatlds and spermatozoa. Morphogenesis.of the acrosome and striated

|

rootlet is initiated in t&e early spermatocyte A morphoéEnic polarity
ex1sts in the developlng acrosomal granule, Cell shape is altered in the

1ntermed1a5§yspermat1d w1th dorso- ventral cOmpre551on and anterior-pos-

.
-«

terior elongatlon resultlng No mlcrotubules are evident.

5) Spermatozoon of Cucumaria pseudocurata:

The tabloid sperm consists of a dorsal surface containing a striated
rootlet and a ventral surface containing an acrosome, .The head ig 5.5 u
in‘lengtﬁ, 1.2 4 in width and 0.8 u in depth A mltochondrlon lies at

. 3
theabase of the nucleus. The flagellum 70 u long, has a 9+3 tubular

arrangement in'the_midtall region. The proximal and distafveentrioles

a Qo

contain satellite projections and lie poster1or to the nUcleus.
. 6) Acrosomal reactlg;band egg investments in Leptosynapta cZarkz-
Cuaumarmq Zubrmc&wand Cucumarza pseudocurata
The sperm.-of L. elarki and C.,Zubrica artificiall; undergo a _d
typical echinoderm acrosomal reactlon whereas sperm of C. pseudocurata .

do not. - Sperm of C. pseudocurata attach to the egg surfaceﬂon the1r .

sid&s rather than head on, where. they/undergo an atypical acrosomal

i

Treac 1on, The L. cZarkz egg 1s'surrounded by an outer particulate-fibrous

layer follicular cell_la}er, dense'laminaggﬁgjbrous_layer, dense
, ‘ , g - _

=
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particulate layer and a lucent particulate layer. In €., lubinioa a folli-

culaf cell layer, dense laminate«fibrous layer andAdensg_parti¢ﬁ1até

layer are preseﬁ%i The egg of C. pseudocuratafis surrounded by a single

dense laminate layer. A A
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:fertidize under laboratory conditions. Echinoderm speciés, besides being

" of other phyla. . o Coe -

GENERAL INTRODUCTION . ‘ \

Lo .

r

"Fertilization: Hi'st"og)cal and Present Perspectives

L : ’ ¢ Q ) o .
The fertilization process involves the union of male and female

)

gametes and the comblnatlon of genetlc mater1a1 ﬁrom ma%ernal and paternal
sources. ~Sexual reproductlon through the sortlng and shuffllng of genes

o ) . . .
into. new and different combinations, prov1des a !bnstant source of pheno- .

typcs for testing agalnst the env1ronment Even though at any designated

time there: w111 be a smaller ‘proportion of well adapted 1nd1v1duals than |
Pid Y ' »y

would arise from a well—adapted asexual populatlon} a sexually reproduc1ng

’ <

' populatlon has the advantage in its-ability to adjust to changing environ-

3
Lt

mental demands.

< ” 4 . . -
’ Echinoderms have been important in fertilization studies due to the

S o : :
fact that they are easily accessible and relatively.éimple to spawn and

—_

tools for reproductive re;earch,‘areskey nembers of the ecosystems they

inhabit owing o their vast numbers and varied interactions with species

>

Fol'(1877j, a pioneer in the field of fertiliiation was ‘one of the

e

first to descrlbe the penetratlon of the anlmal oocyte by a- spermatozoon

¢ < - A\

"As a fesult of studles on fertlllzatlon in Astertas, Fol (1879) concluded

O

" that theﬁdlrectlve movement of the sperm\through egg11nvestmentllayers

~

‘ [ , . : : .
“and eventualty into theaoogyte was the result of an attraction exerted

' by a cone- 11ke prOJectaon put forth from the surface of the egg Eol

o
suggested that a tenuous fllament arose from the egg surface cone, Came

-

into- confact with approachlng spermatozoa and drew the sperm 1nto the

/



L) S
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. o

N e, A

mainibpdy of the egg. Similar egg—sperh;oonnecting filaments were
. ohserved in holothurians (Iwanzdff, j898;'H6rstadius, 1939b) and hemi-

~ chordates (Colwin and Colwin.‘1949 1954) ., Folv(1879) noted _that the
-«
Hspermatonon advapced as the f11ament progress1ve1y shortened until ‘the

~

sperm ‘head reached the cone 1nto which it then entered The theory that

~

‘the filament was an outgrowth of the sperm rather than th% egg was ruled

©

. out at that time since no reductlon in volume of the head was observed
,/// , (Fol 1879).-;Subsequent work by Chambers (1923, 1930) on Asterzas and

Horstadius (1939a) on Astropecten substantiated Fol's results. - Just._ - ‘

,i,y(*i[l?éa)_argued that the fertilizing filaments he observed dn\certain"

.asteroids originated in the head of the spermatozZoon rather than,on the T

n

surface of the egé It was not"until'the work of Dans£l952 L954)'on o

A Y

i ech1no1ds anq C01w1n and Colw1n (1955) on Hb othurta and Aste(tas that

it was conclusively demonstrated that the sperm head gave rise.to an - - Ry
"acrosomal f11ament" (Dan,'1952) oT process whloh precedednthe_advan01ng 1\\\
spermat0200n into the entry cone of‘the egg at the time of fertiiization.
o The acrosome was.initiaily termed the_"perforatorium";hy Waldeyer

(1§56). Brenda*61881) later determined‘tha;~this organelie originated

from a granule located in a vacuole w1th1n the Golg1 complex and

Lenhossek in 1898 proposed that the tern ﬁacrosome" was a moredrnpropr1-

ate label. Freld in his 1893 study of echinoderm sperm referred to the
raorosome as'the "centrosome. " Because” of the close assoc1at10n between

the acrosome and the nucleus and the f;et that it was 51tuated in'a |
»sllght ndclear 1ndentat10n,.F1e1d obylously mistook th1s organellerfor a;

the region containing the centrioles.

The elongated acrosomal process consists of a single membrane

w‘\

koo L



surroundlng a f1brous (fllamentous) shaft CO]Wln and Colwin (1963) and
Dan et al (1964) have postulated that the filaments or1g1nate through
the polymer1zat10n of precursor mater1als present within periacrosomal
~substances of the acrosome Tilney et al. (1973) and Jessen et al.
. (1973) have demonstrated that in Asterias (Asteno1ﬂea) and Ebhthocardzum \
‘(Echinoidea) G-actin is ev1dent within the perlacrosomal material and
that its polymer1zat1on into 11near f1laments F—act1n, is responsible

for elongatlon of, the acrosomal process. They/ propose that these flla-‘

ments may play a dual role in the fert1llzat10n process: 1) extension

i [
of the acrosomal apparatus through the egg investment layers and 2) incor-

>

poration of the sperm nucleus into the egg.

POpa (1927), worklng with ech1n01ds, was one of the first to report

on the acrosomal process Since that time much research Employ1ng_11ght

L4

and electron mlcroscopy has been published on echlnoderm&species (Dan,
1952, 1954 1956, 1960, 1967, 1970; Colwin and’ Colwin, 1955, 1956; |

Rothschild and.Tyler,_lQSS;‘Afselius, 1956; Afzelius and Murray, 1957l
Collier, 1959; Heino and Dan, 1961; Bernstein, 1962; Dan et al., 1962

Y

___}964 1972 Dan and Hagiwara, 1967; Franklln 1970 Summers and Hylander,.

1974).°

‘Prior to electron mlcroscopy there was con51derable confu51on

!

regarding sperm entry into’ the egg- Loeb (1917) suggested phagocyt051s

as a. p0551b1e/mechan1sm 1n fert111zat10n whereby the sperm wags engulfed ,
. or captured bm\the oocyte Lillie (1912) sfated that following sperm -

attachment to the egg membrane in Nerezs the cortlcal cytoplasm of the

ST e

egg became denser at the p01nt of attachment Subsequent act1ve stream1ng
of ‘the surrounding’ cytoplasm carried the sperm into the egg by a centri-

petal movement. " Austin (1951) observed sperm entry into the rat egg with



phase contrast m1croscopy -and concluded that penetration was due to some
3 ‘

membrane activity by wh1ch the'sperm head sank 1ﬁto the vitellus,
Follow1ng studies on reactlve systems of fertlllzln ant\}Ert111a1n and
‘other stirface agents, the concept emerged that sperm attachment was due' -
~to spec1f1c surface reactlons followed by a phagocytot1c process which
‘ was respon51b1e for the swallowing of the sperm. Tyler (1959,/l960,
1962)-e1aborated this concept in a hypothesis suggesting‘"Specific
Pinocytosis" or phagocytosis, "as a p0551ble Sperm- Engulflng Process "
b vThlS 1mp11ed that the entlre sperm cell w1th its plasma membrane 1ntact
was surrounded by a vesicle of egg plasma membrane and transported into
the cytoplasm of the oocyte. It was thought that the acrosomal fllament-
ﬁor the cytoplasm in wh1ch it was anchored played the active role in sperm
penetratlon wh11e the egg plasma membrane was mechanlcally broken.
Even though these concepts of fert111zat1on were appealing there was —

no direct ev1dence to support them. In an electron micrograph of a
| .

penetratlng sea urchln spermatozoon Rothschlld (1957) showed that the

- Merm plasma membrane was m1551ng ' If the sperm head had penetrated

’ s ST

through a process. of phagocyt051s there should have been at least one

membrane surround1ng the sperm namely that of the phagocytotlc ve51c1e,.~>
i
‘It later became evident from work on HydrOtdes (Annellda) (Colw1n and

Colwin, 1961) and the rat (Szollos1 .and Ris, 1961) that sperm penetratlon

B factually occurred through a membrane fusion protess. Colw1n and Colw1n
+ (1961) stated: "No matter how the fu51on is accompllshed, 1t is clear
' ¢
that by a rather early stage the egg plasma membrane and the sperm plasma '

membrane beco\e one contlnuous mosaic membrane and that the ‘two fOrmerly

-vseparate cells then constltute a 51ng1e cell.” 'Exten51ve rev1ews,ond



1967;_Aust1n, 1968; Metz and Monroy, 1969;

1965 Colw1n and Colwin,

Longo, 1973? _
- . SummeTs .and Hylander ( 974) L%&—~ﬁ:ggested that gamete contact (at

1

plasmalemma and then a membrane fu51on between the acrosomal process t1p.
and the oolemma. Aketa (1973) has postulated that a spec1es spec1f1c
‘component is present on the ap1ca1 end of the ech1n01d sperm wh1ch is

complementary to|a sperm- b1nd1ng proteln of the egg surface These two

v

molecules are possibly. respon51b1effor both 1n1t1a1 species recognatlon

-

and bondlng of the gametes. It has been suggested that\such spec1f1c
sperm molecules are contalned within ‘tHe acrosomal ve51c1e and\are made - .

available to the egg surface follow1ng the acrosomal reactlon and th\t=\\

these molecules form a- structural bond with the v1te111ne envelope before

membrane fus1on (Summers and Hylander, 1974) R

: Spermatogenesis in Echinoderms: 7
Historical and- Present ﬂP'er‘spe.ct-ivés T _

‘To gain a firm knowledge of the features that enable the egg and
A\ 9

sperm to unlte, 1t is- essent1al to understand the structure and develop-

‘ment of the spermatozoon. Relatiyely few. studles/have been pub11shed on’

spermatogene51s in the phylum Ech1nodermata In1t1a1 fragmentary reports s

3

appeared in the late 1800'5 on a11 flve classes holothurlans (Jensen,
1883; F1eld 18939, crinoids, ech1n01ds, ophlur01ds and astero1ds (Fleld

1893). Since that t1me the maJorlty of studxes have dealt w1th aster01ds

(Delavault 1961 Cognett1 and Delavault, 1962; Delavault and Brusle,n

X



- &

1968; Bruslé, 1968; Smith, 1971) and pehinoids (Fuji, 1960; Longo and

Anderson 1969); To date, there has been no deta*fed “fine- structural
invest1gat1on of spermatogonia, spermatocytes éhd spermatlds for any :

species of the class Holothur01dea. .

Field (1893) examined - spermatogenesis in 19 species representative

of all five echinoderm classes. ¢ }

. Throughout all those d1fferent species I have found a very
‘general similarity, thoughrln minor details there is consider--
able variation. The present preliminary account deals mainly
with those general facts, which we have reason to believe
‘obtain throughout the entiye class, in those species. which
have retained the eneral and typical ontogeny.

s« « « by use of fiew apochromatlc homogeneous immersion.
«obJect1ves I have beefi" -aple to overcome many of the.obstacles
which have hitherto prevented an exclu51ve study of the.
spermatogenes1s of the Echinoderms as ‘a group (F1e1d 1893).

Field found that’ a general testlculax sectlon dlsplaf‘d dist1nct zones

characterzzed by definite cellular stages .,$permatogon1a with restlng |

nucle1 lald per1pherally, next Was an area of spermatogonla wath nucle1
'1n active m1t051s, 1nternal to the spermatogonra was a zone of spermato-

cytes, then spermat1ds followed by 1mmature spermatoZoa and f1na11y,

in the center of the lumen _mature spermatozoa.,

» L

In the aster01d Leptastermas developlng male germ1na1 cells form'

‘h

'f1ngers whlch reach out from the germlnal eprthe11um into the testlcular )
lumen (Smlth 1971). The . cells -of the f1ngers are layered 1nto zones
: accordlng to matur1ty from spermatogonla to mature spermatozoa., ‘In the

-ech1n01ds Arbacta and Strongylocentrotus (Longo and Anderson 1969) the

“ Jr _

germ1nal cells are arranged in a serles of cell type§ progre551ng from
';Spermatogonla (normally rn contact with the testlcular wall) to spermato-n
_'cytes (located among and 1nterna1 to the spermatogonla) to spermatids

and’ spermatozoa (occurrang centrally in the lumen). ,_Deyeloping germrnal~- '

Lot
o, . . q
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cells are‘not divided' into distinct zones but are generally more mature
as they proceed from the gonadalnwall-towardfthe lumenl
_ Jen$en (1883) noted several basic characteristic4 of the spermato-

’.gonia spermatocytes and maturing'spermatozoa’in.the'holothurian-Cucumaria'

frondbsa. The'spérmatdgonia contain a large nucleus in relation to the

surroundlng homogeneous cytoplasm. Lipid droplets of varying sizes are

observed surroundlng the homogeneous nucleus. The nucleolus, not visible !
*in unstalned preparatlons, is very dlStlnCthe when properly stalned.,

"Spermatogonia give rise to sPermatocytes which: contaln 1ipid droplets and

con51st of a smaller volume than noted in spermatogonla. Following forma—

tion of the tail, in maturlng sperm, cytoplasm condenses and becomes

bove '

» progre551vely smallef" The jtail does not appear to develop from a pre-

. determlned p01nt within the cellular protoplasm. At this stage 11p1d

*

droplets are more numerous, the nucleus decreases in size and the nucleolus

v

is .no loﬁger v151b1e.

F1eld (1893) observed in varlous.echlnoderm spec1es that a great

number of darkly stalned granules appearedrln the spermat1d stage and

gradually fused into larger and larger refrlngent bodles wh1ch in the

i

mature sperm ex1sted as a s1ng1e large Nebenk&rn (mntochondrlon) - In the
late spermatld the Nebenkern could take any p051t10n in the cytoplasm

: w1th reference to the nucleus but in the mature sperm was always posterlor

t the mucleus. 'It was suggested that- this change in p051t10n was due to

5

ical causes, that 1s, the Nebenkern was draWn 1nto its f1na1 loca—

t1on by the changes of the cytoplasm of the spermat1d 1nto ‘the. ta11 of :

the spermatozoon, and the pressure from the cell membrane of the spermatld

\7 .
L2

wh1ch became tlghtly drawn over the ‘head of the mature sperm
* / [ ) ) . -’ . . :

- - r
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Longo and Anderson (1969) have demonstrated many of the finer points
of spermiogenezif in the echinoids Arbacia and Strongylocentrotus.

Ech1n01d sperm t1ds are connected by short 1nterce11u1ar bridges which

“are maintained unt11 the sperm cells are nearly mature, Morphogenesxs

of the membrane bound acrosomal granule is 1n1tlated 1n the spermatld
stage and is associated with the Golgi complex. Early“%permatigs, which

are irregularly circular, elongate during the later stages of spermio- /'

&

genésis as nuclear chromatin material.condenses. The spermatid develops

o

an anterior depression whiich houses the aerQSOmal _granule and a posterior.

indhntation termed the centrioiar fossa. They assume that the 51ng1e'

large mitochondrion, whlch 11es posterlor to the nucleus,, develops ;

'through a fu51on of smaller ovoid m1tochondria noted in earlier stagesv

i
Prox1ma1 and d15ta1 qentrloles occur- “in the m1dp1ece reglon posterior to

N

" the centriolar fossa.

. Spérmatozoan Structure in Echinoderms:
‘Historical“and Present Perspectives

The spermatozoon is a~highly specialized celliwith a few very pre-

cise functions, namely, to transport the genetie material to thevoocyte

"

and to introduce the material into the oocyte. Comparative spermatolo-

. . 0
gists have‘éuggested)that sperm structure is better correlated'yith the

~nature of the env1ronment in wh1ch fertlllzatlon dceurs than w1th phyl-'

ogen§ (Franzen 1970 Afzellus, 1972) Spermatozoa wh1ch are released

T

freely into the water and fertilize eXternally have been termed "primi-

- 8.

tive" (Franzén,n1970) The~primitive'spermatoioon normally eontains a

I

'rounded or con1ca1 nucleus szterlor ‘to a small ap1ca1 acrosome a

short m1dp1ece con51st1ng of one or a few mltochondrla arranged around
4 [ : S :

- N . [



a‘prox1ma1 centtiole and basal body, and a single flagellum displaying

a typical 9+2 tubular pattern (Franzen, 1970). Such sperm are found
throughout the an1ma1 kingdom occurrlng in the follow1ng phyla
Porlfera Cn1dar1a Ctenophora Nemertlni Ashelmznthes Annel1da,
Mbllusca Arthropoda, Brach1opoda Slpuncu11da Ech1ur1da Eeh1nodermata
Miand Chordata (Franzen 1970;" Afzelius, 1972). '

Since the late 19fh century, numerous 11ght microscopic observat1ons
have dealt w1th sperm morphology 1n the phylum Echinodermata (F1e1d
1893 1895;: Retzlus 1905, 1910 Dan, 1950 1952, 1954; Rothschild,

1951; Colwin and Colwin, 1955 1956; Chia and Buchanan, 1969). Morev
recently, var1ous detalled anatomlcal accounts employ1ng ‘electron micro-
| scapy, have appeared (Afzellus, 1955, 1959 1972; Dan 1960, 1967 1970;
Bernstein, 1962; Dan et al., 1964; Franklln 1965, 1970 Hag1wara et al.
1967; Anderson 1968 Austln 1968 Longo and Anderson, 1969 Fawcett,
1970 ‘Inoue et al , 1970 Dan and Slrakaml, 1971; Summers 1972; Longo,
1973,§Marsha11 and Luykx, 1973; Summers and Hylander 1974‘ Ch1a et a1
in press; Fontaine and Lambert unpubllshed manuscr1pt) The majority

| of these fine structural studles (usually concerned with the morphology |
'and react1v1ty of the acrpsomal region) have dealt w1th the classes
Ech1n01dea and Astero1dea Fragmentary studles have been reported in
the claSSes Oph1uro1dea (Dan 1967, 1970), Cr1n01dea (Dan, 1967, 1970)
and Holothuro1dea (Dan 1967 Summers 1972) ‘To date, no detailed

. ¢
publlshed account 1s avallable concernlng the ultrastructqre of the

spermatozoon from any Spec1esﬁof the class Holothur01dea.

‘Field (1893) studled spermatozoa from the five ech1noderm classes

and reported the follbw1ng rather accurate observatlons

10
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The spermatozoon must be studied alive. It. is so extremely x
. delicate that the greatest care must4be exercised in technique.
~Satisfactory permanent preparations are scarcely ‘to be hoped -

for. No one method should be relied upon. "~ The results which

I have obtained from living cells stained upon the slide,. the

changes being watched under the m1croscope have been confirmed -

by killed and hardened material.: For the latter, I have tcased

the testes, in various conditions of- advancemeht - towaxrds

maturity, in a very small quantity of sea water: then Flemming's

Chrom-osm-acetic, strong formula; or Platinum chloride, 0,3% .

for 24 hours, or more: wash in water for 24 hours; stain either

in safranin, gentian violet (decolorize in water slightly’.

ac1du1ated), or in Delafield's Haematoxylin; mount in glycer1ne-

d1ssoc1ate cells by tapplng coverglass gently (F1e1d 1893).

The nucleus varies greatlylln size and shape in the 1fferent grohps;
.howevér, inlcrinoids and echinoids it‘is'géneral}y cqn%cal'aﬁd smali,
whereas in holothurians, asteroids and éphiuroids it is spherical and

- generally larger than in the echinoidg. At fhe abical end of thglnucleus
a cup-shaped depression containihgva highly refringent spherical body; |

the "'centrosome" is noted. The size of ‘the centrosome yarles greatly 1n
v

T

‘the dlfferent groups, be1ng relatlvely small in echinoids (0 3—0.66 u)

and comparat1ve1y large in holothur1ans, asteroids and ophlur01ds (1 3 u)

‘,,

“This spherlcal body flts tlghtly into the anterlor depre551on and can

Abefmechanlcal1y~separated from the nuqleus._ In the asteroids 1nvest1- ////

gated “the centrosohe appeafs to consist of two parts:; a clearer, -

slightly sta1n1ng refrlngent mater1a1 sﬁ%erlcal in shape, surroundlng

a deeply staining dumbbell- shaped body "'This latter-remlnds one

I

strongly of the flgures given by varlous 1nvest1gators for the first

B

stage of the d1v151on of the. centrosome" (Field, 1893) PosterlérJtO' -

the nucleus is a Nebenkern, next in size to the nucleus and flattened

in the anterior—posfefior'plane. This structure varies in size in dif-
ferent species and contains granules of 'various sizes. '.The .tail “of the

spérm,forms'from the cytbplésm of the épefmatid and is- united with the L

<



ccll membrane rather than.attached to the nucleus (Field, 1893).

There have been at “lgast 101 echinoderm species for which basic
sperm morphology has been reported:"Of this total number, 37 are
/ : : : -
echinoids, 23 asteroids, 23 holothurians, 11 ophiuroids .and 7 crinoids’

Al

(Chia et'alf,"in press). A1l of these sperm typify the primitive type

sperm ‘and epnta1n e1ther a spher1ca1 (Aster01dea Cr1n01dea Ophlur01dea,

Holothur01dea) or conical TEch1n01dea) shaped head p051t10ned anterlorly
to a short m1dp1ece con51st1ng of a single un1form1y shaped mito-
chondrion surrouﬁﬂ!mg the centrlolar reglon. A promlnent aorosome ]1
always occurs at the apex of the nucleus. ~ Excepty for sllght mod1f1ca-
tions, all sperm of a part1cu1ar class of ech1noderms are morphologl- \

h |
cally s1m11ar and therefore the general theory has arisen that sperm

, ’structure remains the same within each of the f1ve echinoderm classes.

.

The outstandlng varlatlon in sperm structure among the majority of

° - . v

'pr1m1t1ve sperm is in the s1z and- orgaplzatlon of the acrosomal reglon
(Fawcett 1970 Franklln, 1 70)t W1th few exceptlons the basrc struc-

_tural plai is retalned in all pr1m1t1ve, external fertlllzlng spermato—

a

zoa 1nvest1gated -In situations where ‘unique env1ronmenta1 demands in

spexm transport from the male to the egg have arlsen, structhral modlfrb

.

catlons have -evolved (Franzen 1970; Afzellus, 1972) The extent that

a spermatozoon dev1ates from the prlmltlve type’is- determlned by the _

exten51veness of ‘the external demands placed upon the blology of propa-
gatlon of that species. - Spermatogenesis, 11kew1se,'can be correlated

with the biology of propagation. By studylng ‘the varlouS»stages of °

PR

cytogene51s of the sperm*it can be determlned at wh1ch point, 1f any,

the cell o>glns to deviate from 1ts primltlve features Eranzen (1956)

fon 4

~
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mlcroscope revealed that the C. pseudocurata spermatozoon had def1n1te

v D 13

argues that obvious differences in spermlogéne51s between two organisms

or groups of organisms may have phylogenet1c as well as b1010g1ca1

.o SR

consequences. L . 4 /

~ Thesis Research Problem’ Se

2 : .

Holothurian species inhabit all seas at all depthswith many eco- *
logical and anatomical questions being Bnanswereds

Doubtless -there yet remain many undiscovered species of e

‘Holothuriadae in the Bnitish seas. Of Starfishes we must
not expect to find many more kinds, though Goniaster m111ar1s,~ ‘ g
and some few pthers which have’ been 'seen on the Norwegian '
-shores, may be looked for. Of Sea- Urchins there; are . robably
still fewer unnoticed; but of the Sea-Cucumbers many. Their ,
comparatively unattractive aspect, the difficulty. of preserving Vs
them (they must alwdys be kept in spirits), their habitat in :

- the sea, and the little attention that has hitherto been paid |
to “them by native goologists, all lead me to believe that .

" mapy species have been passed over. Much yet remains to be
done towards a full. investigation of the anatomy of the
Sea-Cucumbers, more especially with a view to a comparison of
‘the structure of the Molluscan w1th the Anne11dous forms of
Holothurladae (Forbes,*1841)."

2

While. examlnlng Spermatozoa from vaxgous holothurian. spec1es w1th

: \ _
tight mlcroscopy, it was noted that extens1ve morphologlcal‘varlation

. exists. in the class The ba51c holothurlan sperm shape (spher1ca1) is

typified by Leptosynapta cZarkt ‘whereas the shape 1n.Cucumarta Zubrtca -
is cy11ndr1ca1 (torpedo-shaped) and that in. Cucumarta paeudocurata is

tab101d (elongated and compressed) Closer exam;natlon with the 11ght

ventral and dorsal surfaoes, an exten51ve groove o the dorsal side
and an;acrosome-llke structure on the ventral side. It is logical to
assume that theﬁprooess‘of fertiligation in L. elarki and C. lubrica

is very similar™to that‘de§cribed forgother echinoderm species. Likewise,
. C ’;; : A - o
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it can be theorlzed that the extens1ve1y mod1f1ed sperm morphology in ' '

¢C. peeudbcurata corresponds to a mod1f1ed pfaaasg‘bf fert111zat1on To

-

-t
understaéﬁ completely the process of fert1112at1on in a partlcular :

spec1es it is first necessary to 1nvest1gate the procefs of” spermato-

gene51s blology of propagation (packaglng of sperm fo tranSport to
‘,\

the egg, medlum in which sperm must locomote to fert1 ze the egg, .

-~

locat1on of egg when fertlllied), acrosomal react1on°and~egg}investment;

(

N

suhgtructute‘ o T . Wl f - .
o il " a g
ﬁi§;< Thewpurbose of the ‘present study is to 1nVest1gate spermatogene31s

to a'lam1ted extent the biology of propagatlon acrosomal reactlon and

‘egg 1nvestment substructure vn three spec1es of holothurlans which live

N _’

under dlfferent env1ronmePtal condltions and exh1b1t dlfferent repro~‘,'v
7

ductlve habits, Hopefully, new pranc:ples will come to 11ght wh1ch will

o
e Ly

" "add to the ex1st1ng knowledge of the process of- fertlllzatlon and

spermatozoan structure 1n marlne 1nvertebrates. Leptosynapta cZarkz ’

v

(Hedlng, 1928) 1s an ovar1an brooder with rnternal fertr 'zatﬂon whlch

11ves in an 1ntert1dal sandy habltat Cucumarza Zubrzca (Clark 1901)

/ . . S

i 7
is an external ventral surface brooder w1th external fertllzzatron whlch

e A
14 [

occurs on subt1da1 roLk surfaces in sw1ft water currents. Cucumaria»

paeudocurata (Delchmann 1938), also an external Nentral surface brooder

?

occurs 1ntert1dally w1th1n mussel beds attached to rock surfaces. .

The the51s research was dlrected towards answer1n4<the following

- . . . ;‘r

spec1f1c guestlons- o ,'“ S

1) How is spermatogene51s 1n the class Holothuro1dea comparable to

that reported in other echlnoderm classes' and 13=there Variation

in the spermatogenlc process w1th1n the- holothur1an ¢lass?

- "\ ) N . .. ’ ..
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' Do'holothuriaﬁ apermafozba conform to the primitive aperm type'

exhibited by other echinoderm spec1es and if not, then at wh1¢h

I3

stages durlng Spermatogen931s are mod1f1cat16hs 1ntroduced and

”how are these alterations reflected in the’ spermatozoa?

Does' spermatozoan morphology dlffer 51gn1f1cant1y within the

' holothurians, and if so, .is it p0551b1e to correlate changes 1ﬂf

4

| spermatozoan morphology with an altered blology of propagation .

(sperm transport from the male to the egg) or an alternatlve

/

factor such as egg(1nvestments?

4%
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# SPERMATOGONIA, SPERMATOCYTES AND SPERMATIDS OF .
N CUCUMARIA PSEUDOCURATA

-Introduetiod

N\
] el

. Durid; a recent comparative‘mqrphologlcal Stpdy of echinoderm‘sperm
it was observed that Cucuymaria pseudoourata'(Holothuroidea) producesuacd
sperhatozoon unique'to the class- as well as to:the phylum Sperm shapes
vof two types have prev1ously been’ reported 1n the class Holothur01dea
spher1ca1.(Atwood, 1974a; Krishnan and Dale, 1975 Fontalne and Lambert,
| qnpublished:manuscript).and cylindrlcal (Atwood- and Chia, 1974), The -
spermatozoon of C. pséudocurata‘represents a ‘third tyoef tabloid,.i.e.jth'
elongated‘and-dorso-ventrally compressed’(Atwood, 1975). The ventral |
surface contains a.medially sltﬁated_acrosome.with suhstructurevdiffering :
Afrom previously reported'echinoderm Species l The dorsal surface contains
'an exgen51ve groove containing a str1ated rootlet like structure extendlng
from- the centrlolar reglon to slightly posterior to -the acrosomal region.

- At the base of the elongated nucleus is a-m;tochondrlon-and.avposter1or1y .
1.projecting flagéllum displayihg a 9+3 tubular arrangement‘injfheamidtail_’r
region. - The proximal and distal centriolés‘wlth theifjsatellites lie
peroendicular to one another within the mitochbndrial mass. finger—like
cytoplasmlc exten51ons prOJect posterlorly from’ the m1dp1ece~(reg1on
'conta1n1ng m1tochondr10n centr1oles, satellltes and striated rootletf
partlally encompa551ng the basal reglon of the flagellum.

S 4

'Subsequent examlnatlon of the spermatogen1c process. also revealed ;
>

: structural un1queness prlmarlly in the morphogene51s of the acrosome and

mldplere. To date, only one detalled_publlshed a ount 1s*ava11ab1e on -,

A

holothurign germinal.cells less mature than»sperm'(Atwood,:l974b).

62
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‘Accordingly, the present study describes the fine structure of spermato-

gonia, spermatocytes and spermatids in the sea cucumber,; Cucunaria
@ s , . u.. -

’pseudocurata,
.+ Materials and Methods . |

Cucumaiia pseudocurata were collected subtidalIy from September,

1973, through June,;1974 at;EagTE/Eolnt San Juan Island Washlngton.

Testes were. removed from mature males and fixed - 1n a glutaraldehyde H202
~

mlxture prepared as folﬂows. TWenty-flve\per,cent glutaraldehyde (Fisher

rSc1ent1f1c Company) was diluted to a 2. S% solut1on buffered to pH 7.6

“

‘w1th 0.34 M sod1um chlor1de and 0.4 M ph05phate bu er: at

ture. Thirty per cent HzOz (Flsher Sc1ent1f1c Compa ) was added with

HzOz technlque has been reported by'PE‘aechla and Mlttler (1972)

Tlssues were then passed 1nto\_Jsi—glu%araideh736'(wrth sodlum chlorlde

\ apd phosphate buffer at pH 7. 6) for 1 1/2 hr at xoom. temperature washed
" for 'l hr 1n phosphate buffer and” post -fixed in 2% osmium tetro;dde (in
phosphate buffer) £or 2°hr at room~temperature. | |

Testicular t1ssues were: then rinsed.in 0.05 M ma1e1 ac1d (pH 5 2)

\ " for 30 min w1th three changes and.stalned en bZoo«In sat rated aqueous
uranyl acetate for 30 min. Spec1mens were again. r1nsed 1n 0.05 M ma1e1c
acid, .dehydrated, embedded in Araldlte 502 and sectloned with\a‘Porter- v
Blum-MT-Z ultram;crotome. Sectlons were stalned w1th saturated aqueous :

auranyl acetate ‘and 0. 2% lead citrate and observed with a Ph111ps EM 200/////

For 11ght m1croscopy, Araldlte sections, were cit at 1 !] and tained -



' stages), (5) spermatlds and (6)° spermatozo7 . :«" R N )

’

’ 1 ' b . s
I : N r“ .
- / h oy ‘ N . B
according to Richardson et al. (1960). o O
0 v - . : A
, . Pbservations . Y
~ o s ] v . g
. General:-Description -— - " . - g e

-

The . germinal cells of»the'testes are arranged in a series of cell’

stages progress1ng from spermatogonla (normally in contact W1th the

-
-

5,

togonia) to spermatlds and spermatozp& (occurrlng'centréily in the

'testlcular Iumen) . Develop1ng germlnal ceﬂls are not separated 1nto

has a ‘diameter of approx1Mateay 8. 7 M and conta1ns a roughly circular‘

"

< -

s

deflnlte zones however, they are generally more mature Aas they proceed -

. from the gona@gr wall toward the lumen. er ba51c cell stages, deter-

.m1ned by cell posmtlon nuclear morphology and prev1ous spermatogenlc

N

studies, are recognlzable. 1 prlmary spermatogonia, 2y secondary

spermatogonla (3) early spermatocytes (preieptotene andfleptotene

stages), (4) late spermatocytes (zygotene, pachytene and dlplotene l ,:

/

/

The, prlmary spermatogonlum roughly spher1ca1 1n shape (Frg. 1),

nucleqs about 5 5 u in dlameter contaznlng one or two nucleoll, each

~hav1ng|a dlameter of 1 8 u. The nucleoplasm cons1sts of a-flne homo-;

/ o~
/

_\geneous matr1x in whlch is suspended condensed chromatin dlstrlbuted

A
around the perlphery of the nucleus and w1de1y scattered throughout

-t

central reglons connect1on-11ke Junctlons connect the spermatogonla;i

:,Cytoplasmlc organelles 1nc1ude a Golg1 complex, numerous ov01d mito~

e,

‘ scatter polxsomes and occasional m1crotuhulgsLL_ygggrgne-bound

. o
. ‘e
oy

= : co

~ ‘
\,~,.J~ ‘_\

- T : C N ' . LT e

. chondrza, 11m1ted rough endoplasmlc ret1cu1um, ~Tumerous - free r1bosomes,[

(e

gonadal wall) to spermatocytes (16cated among and lumenally to the sperma-;’

v
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’

. L » ‘
osmiophilic"granules lipld droplets and clear ve51c1es are normally
present in the peripheral cytoplasm.. Two centrioles, sllghtly angular

to each other, 11e 1n close proxlmlty to the Golg1 complex and’ nuclear ~
membrane.ﬁ In rare favorable sect1ons the prox1ma1 centrlole appears

atyp1ca1 in- ch51st1ng of nlhe TOWS of five tubules each, 1nstead of

R ir

the" usual three tubules. Thls is descr1bed further in the sect1on on
b”‘morphogene51s of the m1dp1ece. M1crov1111 ar1se -from spermatogon1a,~

spermatocytes and spermatids w1th the greatest concentratlon belng in.
the late: spermatocyte stage. . <, o :1”._ 2 r

D : R ‘.

Secondary spermatogon1a (Fig. 2) presumably arise through mitotic

t

d1v151ons of the prlmary spsrmatogonla. This’ cell has dn average

'drameterwof 7 0 u w1th a nucleus of S 0 u in. d1ameter oonta1n1ng R

o - . - N

t

slngle nueleolus wifh a d1ameter of l 1 u. Nuclear changes 1nc1ude a
smaller d1ameter thicken1ng of per1phera1 chromat1n adlacent ‘to the

»~*nuclear envelope and larger aggregatuons of centrally p051t10ned

o
chromatln.- Cytoplasmlc organelles and 1nc1uslons are’ the same as noted‘

a

in .the pr1mary spermatogonla. Secondary Spermatogonla are connected by
_ connedtion like Junctlons W1th no ev1dence of cytoplasmlc brldges.‘ Whlle
. o L [ Al ' ‘

flagellar morphogenes1s is occa51ona11y 1n1t1ated in this secondary

- -

stage (F1g. 2), th15’1s infrequently encountered unt11 the early sperma-

. . -
—_— . - o

,_;,Incyte%~'“” - e T FE S
ot i . P T . T - f.~‘r" Ea o
t . : v

Secondary spermatogoq;a dlfferentla hco prlmary spermatocytes b

w‘; progressing‘through the pre%eptotene, leptotene, zygotene paqhytene .

--and drplotene stages of the first'me1ot1c prophase.. blplotene sperma-
e Z’l

- toeyte%‘presumably glve rlse to secondary spermatocytes at the f1rst ‘

£ ’

65
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me1otic dlvaslon.' D1st1nct1on between“var1ous spermatocyte stgges was ay
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- veryudifficult in-G.'pseudOcurata. For conVenience spermatocytes have

been des1gnated as early (preleptotenc and leptotenc stages) and late

o

(zygotene pachytene” and d1plotene stages). Secondary'spermatocytes

could not be conclusively identified' v

Early spermatocytes (F1g 3) haue an average d1ameter of 5.4 u 9;

“with a nucleus mcasurlng 3.7 y in d1ameter conta1n1ng a s1ngle nucleolus

N

Wlth a ‘diameter of 0 6 u Chromat1n condensatlon is greatly accelerated

atithis stage. Cytoplasmlc organelles are the same asrnoted in the

) spermatogonia. The s1ng1e Golgi complex is more exten51ve with an

A

1nd1cat10n that proacrosomal granule format1on has been 1n1t1ated The

’x,, -

proxlmal and di'stal centr1oles, in assoc1at10n with per1phera1 electron’

dense materlals (presumably developlng satellltes), lie perpend1cu1ar
A

to each other in. %g? basal cytoplasm of the cell. "The flrst 51gns of

r

morphogene51s of the strlated rootlet like stgicture extend1ng from
| &4

the centr1olar'reg1on are noted<at this stage. ' R ' Lo

- The late spermatocytes (Flg 4) have an average dlameter of;s 2y
\\ “

with a nucleus measurlng 4 1u 1n d1ameter. ‘No nucleolus is- present
CondenSed chromatln mater1a1 is assec1ated with. d1$%1nct synaptonemal "

compléxes. CytOplasmlc organelles are the same as descrlbed above.,

. °

M1crov1111 arlslng from the cell surface appear to be more exten51ve

Rl

at th&s stage. Proacrosomal granules have begun to coalesce to. form_

P ]
~
El

an 1rregu1ar1y shaped acrosomal granule ;

; g\rly spermatlds are 1rregularly c1rcu1ar (Flg 5), ﬁgasure about

]

| ggéltamd contaln a nucleus w1th a diameter of 2! 5 U No nucleolus or

Al
-—\ » ‘“ i

synaptonemal complexes are ev1dent Nuclear condensatlon has pro- ‘f_ﬂ-

gressed from a part1cu1ate flbrous state to a stage of coarsé chromatln

D3

ot
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. , . :
€
granules 1nterconne\\ed by f1ne f1hrous mater1als w1th exteE51Ve 1nter—
4

‘1"- ’
chnomatln spaces: (Flgs. 5 6). Condensatlon proceeds at a faster rate’

’

v

in perlpheral aréas o the nucleus and gradually moves . to the center.

Spermatids contain crov1111-and are 301ned together_by 1ntercellu1ar

cytoplasmic bridges. ° Severgl ovoid mitochondria'(Fig. 5), a Golgi

complex (Fig. 5), a\basally erived flagellum (Flg 5), and a densely '~
. -
sta1n1ng chromat01d body (F1g ent in the cytoplasm. Dense

satelllte materlals have accumulate in the vicinity of the distal

~

(basal body) centrlole CF1g 5) In the basal eellular reglon devel—

£

opang cytoplasmlc extenslons (folds) reach posterlorly encompa551ng the

base of the flagellum (Flg. 5). An immature 1rregu1ar1y c1rcular‘

. . .|,

Y acrosomal granule is located in a sllght nuclear depressmn on the (

* ' future ventral surface of the gell (Frg._s), ‘._ o , ‘ L .

As the spermatid matures, ‘nuclear interchromatin spaces are gradu-

Q

21y ob11terated by massive condensatlon of the dense chromatln granules
<

(Flgs. 9, 10, 11) The cell 51multaneously elongates (no m1crotubu1es
ev1dent in per1phera1 cytoplasm) and compresses dorso—ventrally The
dorsal surface contalns the deve10p1ng strlated ;ootlet like structure
A located within a dorsal groove (morphogene51s descrlh;d in deta11
f* belowk and the ventral surface, a maturing aCrdsome-situated-in a -

nUclear‘depressiong(described below). “Mitochondrial elements have. o

) j . ‘
transformed from several ovo:d\¥orms to a large 51ng1e mass encompass-

“ing the centrlolar ‘rootlet reg&on. Cytoplasm is conf1ned to’ the pos- o

‘%-«cé;lor cellular exten51ons andf‘ _narrow area surroundlng the deVeloang
. R _ |

‘strlated rootlet o o - . .



© e

Maxbhogenesjs of Acrosome

Small proacrosomal vesicles are formed in the basal cytoplasm by

the Golgi complex in the early spermatocyte stage. The majority of

Id
ves1c1es conta1n a f1ne retlcular substance with a low aff1n1ty for

" stains w1th several ve51c1es be1ng void of contcnts.. In the early

spermatid a large 1niegu1arly circular acrosomal granule measurlng
about-0.6‘u x 0.8 u has formed, presumably from'the coalescence-of the
smaller proacrosomal vesrcles (Fig. 6) The contents Wthh are of a |
h1gh1y sparse fine reticular nature are evenly distributed and not
local1zed into def1n1te zones as in Leptosynapta cZarkt (Holothuro1dea)
(Atwood 1974a,b) and Asterzna pectznzférq (Aster01dea) (Dan and

Sirakami;~197l)."The'surface of the granule facing away from the

';nucleus and Golgi complex is overlaid with a thin layer of dense

r

;material (Fig. 6). Small vesicles released from Golgi cisternae lie
. in close prox1m1ty to the adnuclear surface of the granule and p0551b1y

A add to the contents of the granule (Fig. 6).

In a ‘later stage the granule is st111 somewhat 1rregularly circu-

lar, but has become reduced in size (O Sux 0 6 u) (Flg1 7) Granule
- 1. A ‘ ‘
contents ‘have condensed from a sparse reticular’ state to-a more .

»

electron dense partlculate f1brous nature (Frg. 7).. The layer of dense

-2

mater1al over1y1ng the granule membrane on the surface oppos1te the

Golgi c1stern4§\ha§,become increasingly more osm1oph1l1c, with‘deposi-
Co N

‘tion of material being slightly greater on the inner surface of the
. % S . ' - '

[

- membrane, As morphogenesis continues, granule materials become ‘more

‘.condensediihdéT*B) The dense materlal of the membrane is hlghly

osmlophlllc and pbv1ously more concentrated on the inner surface (F1g 8)

-



The granule has maintained its same relatlve pos1t10n in relatlonshlp
i

to the nucleus i.e. the surface of the granule contalnlng dense

mater1a1 is opp051te ‘to the nucleus.

As the spermatld matures, the acrosomal granule (presumably by

wmlgratlon) coxes to 11e between the” ‘plasma membrane and the nuclear

envelope (Flgs.\S 9). The sllght cup—shaped nuclear depression whleh
houses the éranule occurs on the 51de of the nucleus opp051te the
rema1n1ng cytoplasmlc components (Golgl, m1tochondr1a and flagellum)‘
This side is destlned to become the ventral surface of'the'mqture

1

spermatozoon. At thlS sta%e*the granule appears to rotate W1th1n ‘the

: nuclear depre551on end1ng up Wlth the surface conta1n1ng dense materlal

- . s

belng in an adnuclear position (Flg. 9) The granule is. relatlvely

C1rcu1ar measurlng ab t:0. 6 M in dlameter and conta1ns ‘a h0mogeneous

'partlculate mater1a1 (Flg 9) The dense mater1a1 of the granule

adnuclear membrane has become less. osm10ph111c, locallzed to the ‘
- \ ’

.1ns1de of the membrane and is of a fine partlculate cons1stency (Flg. 9).

\

‘Completely surroundlng the granule is a perlacrosomal Iayer of a_homo—"

: geneous partlculate f1brous mater1a1 mqre electron dense than,that of

‘the granule (F1g. 9). ThlS layer, which does not appear to’ ‘be a Golgl

derlvatlve apparently arises from the cytoplasm wh1ch was’. sandw1ched

between the granule and the nuclear envelope at ‘the tlme of granule

-

1mplantat10n. A cont1nu1ty between th1s mater1a1 and the ,narrow zone‘

' of cytoplasm\surround1ng the spermat1d is st111 ev1dent 1mmed1ate1y

following implantation (Flgs. 5, 9).

At a slightly later stage of morphogenesis (spermatid is elong-

ating and becoming dorso-ventrally compressed) the anterior-posterior
. ¢ A . o . T - - .

- o
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surfaces of the nuclear depressxon flare out formlng peckets 1n the -

- . -t

surroundlng nucleus. The anterlor-posterlor granule surfaces s1mu1-.

K

taneously bulge out as the granule - ‘sinks deeper into the nucleus

,(Flg. 10) “The dense partlcﬁiate material interior to tﬁ’ adnuclear

surface -of the granule membrane has now appeared to transform into an

1ncomp1ete membrane 11ke structure (Flg 10). The mater1a1 of the - -

perlaCrosomal layer remalns homogeneo _in nat re_but is begpming less ‘;,...7,
. osm10ph111c.'
. . 14
' In the late spermatld (nuclear elongatlon and chrom&tln condensa—'

- tion nearly completed) the acrosomal reglon is reachang maturlty (Flg

(/‘
11). The anterlor—posterlor surfaces qfathe nuelear depre551on and -

4-granule contlnue to bulge out into the nucleus.; The 1ncomp1ete .

. N '/-‘ .

'membrane like structure is very dxstlnct and extends from the anterlor-
—_ I

'posterlor ~imner surfaces dround the dorsal face of the granule.‘ A
‘space, con51st1ng of sparse fabrous materlals, has beceme ev1dent between f.h
- the granule mater1a1 and the outer granule limiting’ membrane and extends.,f
"ventrally from the p051t10ns where the. inner 1ncomp1ete membrane

termlnates (Flg. 11) -The 1nterna1 (dorsal) surface of the granule has N

T
—

'correspondlngly become sllghtly 1ndented formlng an 1nward depresslon

5

(F1g 11). In .the completely mature acrosomal granule a Small area- of

.-

.
partlculate-flbrous osmlophlllc materlal occurs ventro medlal to th1s

depre551on (Atwood 19755/' Two dlstlnct reglons of the prEVlously —
homogeneous perlacrosomal 1ayer are becomlng evident. Flrst dorso-med1a1

" to the granule is a partlculate- 1brous mater1a1 lodged w1th1n the e

l’ granule depre551on. Thls materlal, surrounded by a. space. v01d of osm10~»-

. T
! L — .

ph111c substances, 1s presumably the precursor of the- acrosomal f11amenj//



LS

-

~

"-(Fig. 11). ‘The other.region occurs ventral to the pockets on either

side- of the granule (between the granule and’ nuclear membranes) and is

sl1ght1y more dense-and granular than the remalnlng perlacrosomal

mater1a1 Thls area corresponds .to ‘the’ reglon w1th1n ‘the granule where

the inner 1ncomp1ete membrane is 1ack1ng (Flg. 11)

Mbrphogeneszs of Mzdpzece

The region of the c. pseudocurata spermatozoon de51gnated as the

- m1dp1ece 1nc1udes the prox1mal and distal" centrloles, centrlolar - o

satellltes, strlated rootlet and dorsal rootlet groove.‘ These-componeﬁts
are encompassed by a large mltochondrlon.
In the early spermatocyte the prox1ma1 centriole 11es off’ center-

- and perpendlcular to the dlstal centrlole (basal body) in the basal

B

\ cytoplasm (Flg 13) The dlstal centrlole is typlcal in hav1ng nine _;'

rows of . three tubui"teach arranged in a p1nwhee1 manner whereas thel

4
=y . . -

prox1ma1~centr1ole is- atyp1ca1 dlsplaylng n1ne rows of ‘what' appears ‘to
be flve tubules each. Thls conf1gurat10n whlch 1s only occa51ona11y
d15cern1b1e in spermatogonla and sperma'ocytes Es commonly noted in

spermatlds (Flgs. 16 19) In the ma‘ réyspermatozoon the number of’r

tubules in the prox1mal centrloIe 1s_d1ff1cu1t to determlne due to the
v :

heavy dep051t10n of dense materlals assoclatEd with the strlated root-

“let’ and sﬂrroundlng satelllte. ‘The flrst 1nd1cat10n of development of

the strlated rootlet and assoc1ated structures is the equal depos1t1on

of dense materlals between a11 nine rows of tubules 1n the wa11 of the-

prox1ma1 and dlstal centrloles (F1g 13) S1mu1taneously, f1ne f11a~

mentous structures are formlng at the proxlmal end of the d1sta1 centr1-ﬁ o

oleg'.They extend toward the center,of:the cellﬁmak1ng_contactew1th the

¢ , ' - S e T .
N . . DRt .
. : A



172

outer. surface of the adJacent side. of the prox1ma1 centrlole. Small

4

4

aggregatlons of psmlophlllc subStances‘are aSSOC1ated w1th these struc-

N

tures (F;g 13) Progect1ng laterally from the wa11 of the dlstal

B centrlole is'a 51ng1e club shaped dense mass of mater1a1 connected to-

| i(Flg. 13).

3

' become more prominent and now. dlsplay an 111 def1ned str1ated pattern o

the centrlole by two dense regions (F1g 13) Thls is- the formatlve

) .
stage of the basal" foot 11ke structure observed in late spermatocytes

¢

(F1g 15) Posterlor to thlS club shaped mass, dense satelllte

materlals are formlng around ‘the base of the: d15tal centrlole. The

sate111te mater1a1 forms in close assoc1at10n to the developlng basal."

~foot and extends away from the centrlole toward the® plasma membrane

“In the sllghtly later spermatoeyte there is an increase in dense '
materlals between the tubules in both centrloles w1th dep051t10n
occurrlng at.a much greater rate .in’ the proxamal centrlole (F1g 14)
At thls stage dep051t10n 1n the prox1ma1 centrlole is unequal w1th
greater quant1t1es of materlals belng formed 1n the. v1c1n1ty of ‘the

t

tubules of the anterlor (dlstal to the basal body) centrlolar surface.

Thls heav11y osm10ph111c mater1al reaches away from the centrlole in

'the form of .a dense partlculate arm (Flg. 14) " In seCtlons c01nc1d1ng

W1th the cross sect10nal axis of the prox1ma1 centrlolé there is a TOW.

“of from three to: f1ve 111 deflned C1rcu1ar den51t1es parallel to the

partlculate arm. \Presumably, the formatlon of these dens1t1es is

T, -

1n1ﬁ1aee///ither dlrectly by the'prox1ma1 centrlole or 1nd1rect1y by

“the prox1ma1 centrlole via thg particuiate arm- (Flg 14) The f11a- N

: mentous structures emanatlng-from the end df the d15ta1 centrlole have

oy . i ,._-.

e -

[
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A

'(Figsu 14, 15). The basal foot of the dlstal centrlole becomlng more

-
d1$t1nct in the later spermatocyte clearly con51sts of a club -shaped

cap connected to the centrlolar wall by two dense reglons. Fine dense
-/

.qflbers radlate from a11 surfaces of the foot into the surroundlng cyto—
N

plasm w1th an. exceptlonally concentrated zone extendlng to’ the wall of
the prox1ma1 centrlole (Flg. 14) Sate111te materials of the dlsta?z,:
centrlole have become more exten51ve and osm1oph111c [Flg 14) ‘

In the late spenmatocyte the dense prOJectlng arm of.the prox1ma1 - -
centriole has transformed from a partlculate to a flbrous state. The - | ﬁ\)
'c1rcu1ar ‘densities observed 1y1ng parallel to the/arm ar; no longer |
present and-evrdently have been 1ncorporated 1nto the mass of the arm
hwhlch has become more exten51ve (Flg. 15) The" basal foot of the dlstal
.centr1ole hasvnow reached maturlty and con51sts of a dense cap—separated

~——

.from a stalk by a less- osm10ph111c space. The stalk is. separated by

E another less osm10ph111c space from the two. dense connectrng reglons

; “
attached to the centrlolar wall (F1g 15). Flbers radlatlng from the

basal foot are ‘now restrlcted to the cap reglon and 11e 1n a t1ght -zone

~

‘ex1st1ng between the foot and the prox1ma1 centr1ole (Flg 15) e

)

By the early spermatld stage the basal foot and fllamentous struc—'
tures of the d15ta1 centrlole have degenerated The only remalnlng .f ‘,'
ﬂconnectlon between the two centrloles is: a narrow reglon of flbrous ‘
”materlal ex1st1ng from the end of the d15ta1 centrlole to the basal

fsurface of the prox1ma1 centrlole (Flg. 16) ’Thls mater1a1 1ncreases in

\ £ /.‘,

concentratlon by the 1ntermed1ate spermatld and per51sts as. ‘a connectlon

po1nt between the centrloles throughout sperm10genes1s (Flgs. 17 19

"~20). In the early spermatld the prox1ma1 centrlole has shlfted sllghtly .

. ',.
FENY
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laterally.toflie directly above the distal centriole (Fig. 16). The
fibronstarm'of the proximal.Centriolet(referred to as striated rootlet

. ) , s
from this stage), has developed an ill-defined striation pattern (Fig.
16). )

In the 1ntermed1ate spermatld the strlated rootlet has become very

exten51ve reaching deep 1hto the cytoplasm (Flgs 17 18). The, root-

let con51sts of dense flbers measurlng 12 mu in dlameter ‘cross- strlated
" by smaller.f1bers measuring about 9 mi, The axial per10d1c1ty is - -about

39 mu (Fig. 17). The rootlet or1g1nates at“the proximal centriole as a

-

single entity but bifurcates into several planes as it proceeds'toward

~ the nucleus'(Fig h17) As the rootlet elongates a slight depresSion,

4

. which w111 become the dorsal rootlet groove in the late spermatld
develops in the posterlor surface of the nucleus Flne f1brous elements

.radlate Ffrom the pro;ectlng end of "the rootlet into the nuclear depres-, ,
sion (F1g<x 17). *Nuclear chromatln materlal 1s heav:Lly condensed in - ’/
this reglon and a consplcuous per1nuclea¥ Space 1sveV1dent“between the

f

outer and 1nner nuclear membranes (Flgs/ 17 ),. The nucleus is
‘51multaneously compresslng (F1g. 18 fromﬁtog to ‘bottom of mlcrograph)n
and’ elongatlng (Flg 18, from left to r1ght}‘: A cross‘sect1onal view
at a sllghtly 1ater stage reveals. th&t the &ootlet elements contact

. only f1ve of the nine ‘rows of tubuleslofaihe prox1mal centr1ole (Fig..
:‘;20),' Ev1dent1y, the tubules of the centrlole have dlfferentlaligdten-f

»t1als for the formatlon of rootlet elements The ax1a1 perlod1c1ty at -

LI

th1s stage has 1ncreased to approx1mate1y 55 mu (Flg 20)

" In the late spermatld the’ rootlet extends almost half the length

of the cell w1th the ax1al per10d1c1ty belng 55 mu at the 1eve1 of the

. Tees K i ) 5 o
-\\\ . : : o »
- . . . : ' i



mature sperm) (Fig. 21). The term1na1 anterlor end of the rootlet

prox1mal centrlole and 50 mu further anterlorly (same as observed in

consists of 20——25 dense f1bers t1ght1y situated .within the dorsal

”groove between the plasma and outer ‘nuclear membranes. Satellite-

materlals surroundlng the proximal centrlole are first ev1dent in the

- a’

-

" late Spermatld (Flg 22). These materlals encompass the base of the

rootlet and are contlnuous W1th the sate111te materlals of the d15ta1

,centrlole (F1g 22),

Ba51c cell shape first becomes altered in the 1ntermed1ate sperm— \
. )
atid where there 3 a 3rrespondLng compre551on and elongatlon of the

nucleus (Figs. ‘v 18) Comp§%351bﬁ takes place in the dorso ventral

Pl

plane, whereas elongat1on is’ along the anter1or poster1or axis (Flg

25A B). - In the late spermatid there is a gradual shlft of remaining'

' cytoplasm to the posterlor dorsal reglon of théucell (Flgs. 23,,24

dorso—med1al

25C D) Thls cytoplasmlc shift is accompanled by an 1ncrease in nuclear

compre551on nd elongation._ The rootlet groove wh1ch orlglnated on the

rface of the nucleus in the 1ntermedlate spermatld (F1g

- 25B) elongates pqster1orly as’ the cell matures (Fig 25¢ D) Through

@ QY

the cytoplasmlc sh1ft1ng process, the str1ated rootlet comes to lie

parallel w1th and tlghtly situated w1th1n the groove (Fig. 25D)

/ f
‘v -

Discussion

" The formatlon of acrosomal substructures in C.- pesudocurata is very -

1ntr1gu1ng~ Functlonal 51gn1f1cance of these structures w111 remaln

obscure until fert1112atlon experlments are completed Itrls 11kew1se

“interesting that a morphqgenlc polarlty exists 1ngthe ﬂeveloping~acrosome!,

75
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as evidenced by the facts: (1) the region of the acrosomal vesicle

membrane surrounding the»surface 0pposite the nucleus.and Golgi complex
always becomes overla;d with dense materials (precursor of the 1nner
1ncomplete memhrane of the mature acrosome), and (2) the acrosomal
granule follow1ng m1gratlon appears to rotate w1th1n the Nnuclear
depression ending up w1th the or1g1na1 complete surface lylng adnuclear

In the asterlod Asterina pectznzfera the develop1ng acrosomal
granule maintains no Spec1fiewor1entat1on with respect to the nucleus,
however ‘the “surface on whlch dense materlals are dep051ted is always
at the ‘side farther from the Golgl complex as in C. pseudocurata (Dan ,
and-Slrakaml 1971) In the holothurian, Leptosynapta cZarke the |
dense surface of the granule’ appears to remain 1n close assoc1at10n
with the nuclear -envelope throughout development with the granule under—

g01ng no final rotation as in the present spec1es (Atwood 1974b).

It'is generally be11eved in echlnoderms that the acrosomal

granule megrates from the basal cyt0p1asm reg1on of spermat1ds to 1ts

f1na1 p051t10n at the sperm apex (Longo and Anderson 1969¢ Atwood,
1974b). In a recent report on a holothurlan Cucumarea frondosa,
Kr1shnan and Dale (1975) state that the acrosomal granule embeds in
the nucleugyand remains statlonary as thq remainder of the cytoplasm
‘moves poster1or1y beside the nucleus through 180°'; In C peeudocurata

the granule embeds at a much later stage of . development and d1stant to

.l'

. the reglon in whlch 1t is formed, thus suggest1ng that«the granule

~ 3

" migrates through the cyt0plasm to its final location as in Lqptosynapta

cZarke Cucumarea Zubreca (Atwood 1974b) and ech1n01ds (Longo and

Anderson 1969)

2



77
'In'L. eZarki‘ C. Zﬁbrica as well as C. pseudbcurato the peri-’

_ acrosomal mater1a1 appears to orlglnate from the cytoplasm wh1ch js

_sandw1ched ‘between the acrosomal granule and nucleus at the time lof = f)’//
'granulefimplantation * Keishnan and’ Dale (1975) report inC. fro osa
'~that the materlal or1g1nates dlrectly from the acrosomal granul

there 1s no cytoplasm between the ‘nucleus and the acrosomal granule at
L]

"“the t1me it embeds. Evidently, 51gn1f1cant morphogenlc varlations :
existonot only within the echinoderm phyium'but also within the indi-

. Vidual classes.
c. *pseudocﬁratd produces a spermat020on which consistS'of a .
v‘m1dp1ece more complex than that observed in prev1ously studied echlno-

 derms. Functlonal reasons for thls complex1ty rema1n obscure. In the

'early and late spermatocyte'stagesuseveral Structures develgp "!!h are
\ Ca

Apresumably for anchorage and/or sgablllty durlng the formatlve stages . -
N of the flagellum.» These structures elther dlsappear 1n later stagesl
(basal foot, dense fibers radlat;ng £rom hasa; foot) ; transform_}nto* ' i“‘_'
Amatute sttuctures-iaense arm’of;proiimai centtioie filamentous'stfuc;

~tures.emanating from distal t0‘prox1ma1 centrlole) or per31st throughout

o
3

spermlogene51s (satellite materlals of d15ta1 centflole)

An unlque feature of the mxdplece is the presence of a basal foot

\

pro;ect1ng from the dlstal centrlo%e. Thls structure is- almost 13%nt1—
cal in locat1on and structure:’ td the cup shaped basal foot descrlbed
'for kinocilia of sensory cells;ln verteb:ate_1atera1—11ne~and equtllb— '
“rium:organs'(Floch, 1955; Flock ana Duvall,,l965; ThurA& 1968);jfetina1
_rods.{Tokuyasu and Yamada,'1959), giil'cilia-of7MytiZue edﬁlis ;

‘(lamelllbranch) (Glbbons, 1961), statocyst sensory cells of Heth '

pomatta (Gastropoda) (Laverack, 1968) and anemone ep1the11al cells _.’



-

(Petsya personal commun1catlon) /It has been postulat:i;that the

-

c111ary basal foot is a posSible mechanosens1t1ve structure 1nstrumenta1

r ‘.4 . RN -~

.in the control of dlrectlonal movement of c1lla (Thurm 1968 Flock

1971). C111ated cells’ wh1ch contaln basal feet exh1b1t a flxed dlreC-»

»

+ ~~ tional ciliary beat which is related to the orlentatlon of, the feet.

o The

31972 Mattel and Mattei, 1973)

-
SRR

:st1ons that arise are why. shoulﬁia develbplng sperm.cell be" .o

a

.1pped with such a 7trueture and for what,reason does it degenﬁrate? :
( Three p0551b111t1es ex;st' -(1) the basal foot is strlctly an anchorage/
stab111ty structure only’necé%iiry durlng the formatlve stages of - the
flagellum and strlated rootlet (2) ‘the- foot is strlctly a mechano—
a.sen51t1ve dev1ce 1mportant'1n the 1n1t1a1 movements of the flagellum

or” (3) the foot exh1b1ts a comblnatlon of the above two functlons..w.

Both the prox1mal and dlstal centrloles obv1ously have the, capa01ty -

“to organlze fllamentous cross strlated mater1als of thp m1dp1ece (arm

B

ﬁ, of‘prox1ma1 centrlole and f11amentdus struttures of distal centrlole)

L 2

. as reported in mammallan sperm (Fawcett and Ph1111ps 1969) The fila-

L}

, mentous materlals observed n early and late. Spermatocytes pa551ng from

the dlstal to the prox1ma1 centrlole appear relatlvely 1n51gn1f1cant

o and degenerate by the early spermatld It is p0551b1e however, that

-

: these structures,hunder the 1nf1uence of‘the d1stal centr1ole act as”

a template or 1nducer for the development of the- strlatehf' otlet -

. which is bas1ca11y a product of the prox1ma1 centrlole.r Strlated _
_rootlet 11ke structures observed in spermatozoa of varlous other
- organlsms appear to be organ1zed dlrectly through the 1nf1uence of the

_ dlstal centrlole (Fawcett and Phllllps, l969 Stanley, 1971 Fawcett o

4 .
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" .nuclear elongatlon have recently been pub11shed (Fawcett et” al., 1971

L4 - i

Various. views-on the role of m1crotubu1es in the process of

~ v

oy
Ferragutl and Lanzavedchla, 1971; Lanzavecch1a and Don1n 1972)

»

1n Leptosynapta ¢larki and Cucumar?a {ubrzca GAtwood 1974b), tnere is o

’ v LoF

no ev1dence that mlcrotubules play an actlve role in nuclear elongatlon .

o

in C.. pseudocurata. Nuclear elongatlon in: these spec1es is probably

&

C8

dh to internal condensatlon of the chromatln.- : B L ",W/{
et ‘ ‘ ' . L : :
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PLATE 1

’

Figures 1—4., Early stages of spermatogene51s in Cucumarta pseudo-

-

curatd. The prlmary spermatogonla (fig.- 1) normally 11e in contact

- with the inner ba§a1 lamlna of the haemal sinus and contain one or

two large nucleoll. Intérlor to the pr1mary spermatogonia lie the
secondary spermatogonla (flg 2), early spermato ytes (flg 3),
and late spermatocytes (f1g 4). Refer to text for-complete

descrlptlon of cell stages Flgures 1, 2, X 11 600 f1gure 3, X
-
-17,000; flgure 4, X 13,100. Arrows Flagellum v

\i. o

- Figure 5. - Ear1y~spermati& Note the 1rregu1ar1y c1rcu1ar shape

sy ’ o
sllght acrosomal nuclear depre551on and coarse nuclear chromatln

» granules X 21,600, o ' . L

-~

A, Acrosomal reglon ..M, Mitochondria ,

'F, Flagellum . ¢ - X, Cytoplasmie extensions -

G, Golgi complex = 4, - ,Arrow, Satellite material of the
Lo > o distal centriole. . .. .

’ -
7 . . N
(Y} » 3

Figure 6 - Inltlhl'stage of acrosomal granule formatlon rn early
i ‘-" Lt B
spermatId Note the dense material overlylng the reglon of the

-;4-@4_;"‘ L 2N

-

- granule membrane opp051te to the nﬁé!éus and Golg1 complex

Granule contents are of a f1ne retlcular nature X 58,800,

C, Centriole . . - Arrows (small), Limits of dense
G, Golgi comp)ek : ' : material overlying complete
N, Nucleus ‘

) Arrow (large), Small vesicles

+

" ‘membrane of acrosomal vesicle .






PLATE 2

Flgures 7—11, Sequent1a1 stagcs in, the morphogene51s of the acrosome.
The granule becomes reduced in ‘size and contalns a partlculate-
fibrous.. mater1a1 as the layer of dense material overlylng the
'granule membrane becomes more osmlophlllc \llg, 7). Ina later
‘stage (fig. 8), granule contents are conden51ng as dep051t10n of

‘dense mater1a1 is locallzlng on the inner surface of the granulc

- membrane. As the spermatid matures (flgs 9, 10), the granuleé

- comes to 11e between the plasma and nuclear. membranes in a nuclear
depre551on * The granule rotates within the depression ending up
with the surface conta1n1ng dense material be1ng adnuclear
Surrounding the granule is a perlacrosomal lajér of a homogeneous
- particulate- flbrous mater1a1 The dense partlculate material
interior to the granule membrane has transformed into an incom-
vplete membrane-1ike struéture - The anterior- -posterior surfaces

of the nuclear depression are beglnnlng to flare out- formlng -
. _pockets in the surroundlng nucleus ~ In the late spermatld (fig.

" .11) ‘the acrosome'ls reaching maturlty Note the dense mater1a1

of the perlacrosomal layer lodged within. the granule depre551on

| Flgure 7, X 66 »150; figure 8, X 66 »150; flgure 9, X 61 600

figure 10, X .77,600; flgure 11, X 87 300 , '

'G Golgi~ complex : : _ Black arrows (smail), .L1m1ted of

-eM, Granule membrane S "dense matertal (membrane-like
N, Nucleus: : L ' structure) ‘interior to-

NM, Nuclear membrane - - granule membrane :
PL, Periacrosomal layer ~ . Black arrow“(large), Particulate- -
PM, Plasma membrane - ' - .. fibrous material of ‘the

' ; : periacrosomal layer :
L _— © White arrows (small), Ventral
' 5 - .demse, granulay areas of the
' : ; . periacrosomal layer :
. . E e

toe

Figure 12;' Dense sta1n1ng chromat01d body in close aSSOC1at10n with
m1tochondr10n in 1ate spermatocyte and early spermat1d stages

X 73’ 500
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PLATE 3

’ : R S \ : A N
Figures 13--18. Stages in morphogenesis of the striated. rootFet and

associated structures of the-middle ﬁiece. Refer to text for .~

.

edetailed description. ‘FigureS'lsl 14, early Spermatocyte' figu;eﬁ‘
\_.15,51a£e spermatoeyte;_figure lé early spermatld -figures 17’.18;,

intermediéte séefmatia.' Figure 13, X 67 900- figure 14, x sevooo;

figure 15, X 58,800; flgure 16 X 66 200 flgure 17 X 50 400

‘ flgure 18 X 18 900
A, Arm of prox1ma1 centrlole
~ D, Dense fibrous materlals radiating from the basal foot to- the
, - surface of the- prox1ma1 centriole
.+ DC, Distal centriole :
- F, .Basal foot of distal centriole- -
G, ‘Dorsal rootlet groove (formatlve stage)
N,. Nucleus”
‘PC, Proximal centrlole
R, Striated rootlet .
'S, Satéllite material of . dlstal centrlole .
Black-arrow (small), Circular- den51t1es parallel to arm of
prox1ma1 centriole '
_/) Black arrow (large), Bense connectlng materlal between centrioles
Whlte arrow . Reglon of blfurcatlon of strlated rootlet o

—

-

e
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' PLATE 4

: )

Figure 19.. Proximal centriole of an early spermatid. Note the nine
rows of five tubules, X 147,000. :

PC, Proximal centriole
White arrows, Tubules of one of the nine TOWS

FigureIZO Cross sectlonal view of the centrlolar reglon of an
intermediate spermatld Note that the rootlet. elements contact
only five of the nlne rows of tubules of thé prox1ma1 eentrlole

AThe‘ax1a1 per10d1c1ty at this level of the rootlet 1s 55 mu,
f

X 66,200. S , N N

~

- Black arrows, Dense connecting material between centrioles..

2

Figure 21.. Sectlon through the. 10ng1tud1na1 axis of ‘the centrlolar
-region of a late spermatld Note the exten51veness of the:
7str1ated rootlgt., Axijal per10d1c1ty is 55 mu at. the level of the
’prox1ma1 centrlole and S0 my- further anterlorly, X 3¢, 200

N, Nucleus £ o ’ v.“~, v L
PC, Proximal centrlole :
S, Satellite materlal of the d15ta1 centrlole S

Figure 22: Cross sectional view of the centrlolar region of 2 late
: spermatld‘ Note the satelllte materials surrounding the base of
- the strlated rootlet, prox1mal and dlstal centrioles, X 56, 000.

DC, Distal centriole o -
PC Proximal. centriole. R s ",
R, Striated rootlet - ' ' '

Black arrows, Satelllte materlals

Figures 23 24, ‘ Longltudlnal sectlons “through. late spermatlds
- Spermatid in flgure 24 is at a sl1ght1y later stage demonstratlng
greater nuclear condensatlon and elongatlon Refer to text and '
flg‘ 25 for detailed descrlptlon of cell. orlentatlon and
elongatlon pattern Flgure 23, X 18,900; flgure-24 X 15 200

A,. Acrosomal reglon (ventral surface of spermat1d)

R, Striated rootlet (dorsal surface of spermatid)

Black arrows, Direction of nuclear elongatlon (anterlor posterlor
axis) S ‘ .

43






" PLATE 5

Flgure 25 Dlagrammatlc representatlon of nuclear elongatlon and

_.compression durlng spcrm:dgene51s in Cucumarza pseudocurata. S

iy T
Dlagrams are through the 10ng1tud1na1 ax1s of an early Spermatld »V‘k.

L)

e

’_(flg 25A), 1ntermed1ate 5permat1d (f1g QSB) and two late

' spermatlds at different developmental stages (fig. 25C,D).

~

.shift. (fig.- 25D). ° S TS
D [+Y ) . ’ . ~' ’ -

Orientation is such that the'anteriOr—po~ for axis runs from
. ‘%( s ~
r1ght to left ‘on page and the dorso vent.al axis’ from bottom to .

to p Note the development of the dorsal striated rootlet groove
in the 1ntermed1ate spermatld stage (f1g ZSB) As the nucleus

Y

elongates along the anterlor posterlor ax1s the dorsal groove

»elongates posterlorly from the level of the acrosome. There is

.

a correSpondlng Shlft of remalnlng cytoplasm to the posterlor
_dorsal reg10n of the ceTl The rootiet whlch deve10ps 1n a plane
_perpendlcular to the dorsal groove (flg 25B) ends up in a

parallel p031t1on 1n the late .spermatid follow1ng cytOplasmlc

A, .Acrosomal region
D, Distal centriole
G, Golgi complex L
GR, Dorsal striated rootlet groove - e
M, Mitochondrial elements ° o L ‘
N, . Nucleus A ' ‘ . g
P, Proximal centriole - ' : SR

R Strlated rootlet

S
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-}:-!' ACROSOM*L REACTION AND EGG INVESTNENTS IN,LETTUSYWAPTA CLARKT,

LY

Fol (1879) reported the ex1sténcef9f a ldhg fllament brldg}ng - SO
T 'Ola'r.;“’f“’

- W
t111z1ng sea st‘ ’spernr,ﬁth the egg surfaoe Thls structufhiﬁas fater

r’, /- ) : ;v‘“,f: '
A
1nterpreted &6 an exten51on of the spermatozodn (Just 1929) Thr&‘ ‘
P ! o \“
sperm process, "acrosomal fllament " and the cytolog1ca1 transformatlon g
Loo@

. )
) / of. the sperm head "acrosomal readfion," hag} been exten51ve1y studled
o e

-in nﬁry echfnoderm spec1§s (Dap, 1952 1954a 1956 1960 ~t%967 41970

- Colwin and Colwln 1955‘ Roth‘chlld and Tyler 1955 Afzellus, 1956a

Colwzn and Cokyln 1956 Afze iusDand Murray, 1957;. Collier 1959; i

"Haino and Dan 1961 Bernste'n, 1962 Dan et al.. 1962 1964, 1972 Dan '

:-1

and Haglwara 1967; Franklln, 1970 Summers and Hylander,.1974) ‘Dan
~ Feh

(1952 1954a 1954b 1956) as shown that the acrosomal reactlon can be
artlfically 1nduced by treatment w1th e water, ca1c1um rich sea water
A .

alhallne sea water album1 -sea water o contact w1th glass and collodlon 5

o
',.

.;ﬂwﬁbmbrane surfa s. Dan ( 952) demonstrated that the acrqsomal react1on

.
o in sea urchln ccon51sts of two 1nterre1ated processes 1) breakdown of _’%;%
; the acrosoma membrane and the release of substances, p0551b1y lytlc ' i :

enzypes, and 7g format1on of .a f11amentonsboroeess from the acrosomal /
reg1on. The actual d1men51ons and form of the process varies con51der- _/
A S s

ably among echlnoderm spec1es. It 1s generally accgpteg 'that, in most ) / %?

g 6 — '.4%

' ech1n61ds the process is short4}<0 7 Yo 6‘u) ‘and brqu wﬂile in hoﬁ%

thur01ds, astero1ds, and ophlurorgs 18 1s extremely long (lovto 7S ) -

: ~I~ Ay t
and slender (Colw1n and Colw1n 1956 Dan 1956 Tyler and Tyler, 1966) RIRY
R w

|

= i'f" t"'~ T S ' j
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o

Ultrastructurgﬂ studies have shown that~a111reported l‘hinoderms
produce sperm containing an apically located acrosome and, to the “ .

author s knowledge al) ech1noderm sperm 1nvest1gated ‘can be art1f1c1-

vally induced to dlscharge n acrosomal process. It has been shown that
: the _sperm of Cucumaria eudocurata (Atwood 1975)'deviate5'fromlthe h
”typical'holothurian,éperm model and conceivably deviates from the normal

'eehjnoderm.acrosonal reaction. Sperm of Leptoeynapta clarki (Atwood,

' 1914)“and Cucumdria'Zubriéa~(AtWOod and Chia, 1974), on the other hand,

~ possess-a -typically situated acrosome. . It is one aim of the present\
. _ ’ N . . : :
study to. investigate with scanning electron microscopy this cellular .

phenomenon. in ‘t.h"ese thr'ee holothurian %species. PR o
‘lUIt;astrubtural etndies of oacyte investment‘and'cortical layers
L
have beéh. publlshed for several echlnoderm spec1es (Afzellus,.1°56b
- Endo 1961; Mercer and W01pert 1962 Franklln, 1965; Monroy, 1965

ﬁ_Tyler and Tyler 1966 Lonnlng, 1967 Anderson 1968; Kessel L968-

‘Holland, 1971; Tegner and Epel, 1672; Summers and Hylander, 1974). .

ExCept for fragmentary Egports in the c1a§ses Aster01dea .(Monroy, 1965

/
Y s

Lonn1ng, 196?3 Ophlur01dea (Kessel 1968), Holothur01dea (Lonnlng,

-

1967) and Cr1no1dea (HOIIand 1971) all studles have dealt w1th
3 % .
) Ech1no1dea spec1es No detalled compgrablelwork 1s%ava11ab1e for~the

oy

. class Holothur01de..,

f11amentous Je&Iy envelope overlylng a th1n v1te111ne envelgpe

;whlch is §epar ted‘ﬁgom the egg cortex. by a narrow perlvxtelllneg%
space (Austln @19685 | Endo (19é1)°and An¢erson (1968T?have.'
shown'that it s* the v&telllne envelope in ech1n01ds whlch ?ﬁvé:h

.'elevqté.-s frb.n ;the oolémna»durmg the cort1ca1 ‘Teaction to form thé

(:' . i . El . " " . .. " v
7 Flems ‘( e . v AR 1



fayf . : o
fert111zatron ﬁ fne or activation calyx (Anderson, 1968) . Irreg-

\'*‘1[
ular{y spa crovilli arise from the oolemma and extend through the

perivitelline space ‘into the v1te111ne envelope. Immedlately 1nter10r

v'between spec1es (TYIer and 18

to the oolemma is a layer of«igtlcal granules (Harvey, 1911 bbser,

1939), 'sper1ca1 membrane b’ﬁ\‘ﬁ s, varymg in size and content

o C
r% 5 Lonrung, 1967). '\\

The second aim of the present research is to 1nvest1gate the
ultrastructure of theJegg.lnvestment and cort1ca1 layers in the holo-

) B
thurian SpeCIeS ‘L. cZarkm{ C./Zubrzca and C. pseydocurqtq‘w1tﬁ scannlng

and transm1551on eractro? micr ccopy:
. &0 o y

- . i L
N - L - A ok -
' . .
LN

, Materia]s and'Methods
« . s ) i ) . a

Leptosynapta clarkz were collected 1n October, 1974 at False Bay,,

' , kf- ¢ \
:Cuggmarma Zubrzca in December, 1974 at Eagle P01nt and Cucumnaria
, i o '

.pseudocuratq in January, 1975 at Eagle Point, §an Juan-}sland, Washing-

A

' . ! . N - N , . . )
‘ton. Gametes were obtained by dissection of gonads from mature males :

and females. Female germlnal cells of all three spec1es were primary

oocytes in the germ1na1 ve51c1e stage and for convenlenCe were referred
to generally as eggs throughout this chapter.
The 1nteract10n of sperm and egg was not studled for L. cZarkt
= J

(an 1nterna1 fertlllzer) or C.. lubriea (females not’ observed spawnlng)

For C. pseudocurata, I was;fortunate enough to ovtain a recently in-

_seminated broodiof eggs'from‘a laboratory holding aquarium.

N

- ) ‘. o | .
: . ¢ ¢ . kS

116.



/, LD e o 117
J8 . ' . ’ » '_‘i‘,‘ e ",:—“ ‘ . -

For scannlng electron m1cr05copy of acrosomal reactlons, 3 m1 of

dry sperm from each spec1es is diluted in- 40 ml of sea water at 8°C

~ay ',\,

One- millifiter allquots are removed from the diluted sperm solution R

and cen;r‘Fuged for 3 min with a hand eentrlfuge "To. art1f1ca11y 1nduce

the acrosomal reactldn alkaline sea water (0. 1 N NHgOH added to sea

.

water) at pH 9 &‘is pipetted 1nto ‘the centrlfuge tube conta1n1ng the

gently pdckgﬁ.sperm pellet Aften'lrper1od of 2 m1n the sample 1s

e ,qs

centrlfuged qu faxed 1n a 2 é%ﬁgluiariﬂdehyde solutlon bugfered to
a'- * ;
“-4

B 7.6 wlt,h 0. 34‘4ﬁs®1m'\"hloride and 0 -4 M phosphate buffer for

i“'pf! <

" 15 min. Sperm are then waﬁhed i# bﬁ?%er (0. 4'M phesPhate) pelleted

by centrlfugatlon and plpetted into Teflon "Flo Thru Spec1men Capsules"
diirgent Welch Sc1ent1f1c Co.) contalnlng Nuclepore membranes 25 mm' ??5
in1"imeter with a 1 u pore 51ze (Sargent-Welch Sc1ent1f1c Co )

Q

Spec1mcns are post flxed in 2% osmium tetroxide in 0 4 M phosphate

» buffer for 15 min at room temperature dehydrated*ih ascendlng concen-

trations of ethanol and passed through ascendlng concentrat;ons of amyl
PO | 25

0

acetate to 100%. After cr1t1ca1¢po1nt drylng w1th carbon dl%{lde the '/

@mf capsules are opened and sample‘u T Nuclepore membranes from eqch capsule

"]

' mounted on stubs with low- re51stance contact cement The matex*alirs P
- ‘. @ [PV
coated with tarbon then gold to a total thlckness of 75 to 125 K and
) ,_-. '\F N
examlned with a Cambrldge Stereo*Scan S 4 scannlng electron m;ervscopg’
: P :

For scannlng electron mlcroscopy of 1nvestment 1ayers, eggs

2

'L.'

are agltated from dlssected ovarles and pipetted- d1rect1y into a 2 S% L e
. glutaraldehyde solution (prepared as above) for, 3 hr, f“f&ewed-by a

wash in O 4 M phosphate buffeér Qgggs are secondar11y flxed in 2% osm1

tetroxrde (propared as above) for 1- 1/2 hr and pipett@d’ 1nto spec1men
ww . S . O AR
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capsules'as prev1ously descrlbed Subsequent technlque is as descrlbed
‘ 3 "‘ N

T :
for sperm acrosomal reactlons.r For scannlng v1ews of inner egg layers
- ' 1‘

1nd1V1dual=eggsv _are placed on stubs wlth double s;ded tape r1nged
wlth low re51stant contact cement and. fractured w1th razor blades.

Spec1mens are then coated as usual. ' ' "
- F N

For transm1551on electron microscopy of egg investmént layers
" eggs are p1petted Ainto 3 2 5% glutaraldehyde solutlon (prepared as

‘above) for 3 hr at room temperature. Follow1ng a1l hr wash in phosphate
buffer w1th three changes the eggs are. post flxed in 2% osmlum Lo

‘|

* tetroxide (prepared as above) for 2 hr at room temperature. Spec1mens
are then dehydrated embedded 1n araldlte 502 and sectloned wlth a w
-~ Porter Blum- MT-2 ultramlcrotome Sect1ons are stalned w1th saturated
aqueous uranyl acetate and 0. 29 lead c1trate and observed with a Phallps
.EM 200 For Iight mlcroscopy araldlte sect1ons are cut at 1y and ‘ |

sta1ned accordlng to Rlchardson et al (1960) ! 2 L e

b} ) e . . . »

v . . Ty

Acrosomal Reaction

dergo a typ1ca1 echinoderm

Ris

acrosomal reactlon formatlon and protrusion of an acrosomal process

The sperm ogg;eptosynapta elarkt
" when treated W1th alkallne sea water In the unreacted spermatozoon R
'-.examlned by scannlng electron m1crosoopy the\acrosomal reglon normally
appears sllghtly concave (Flg. 1). In many sperm treated for the full
2 m1n 1n alkallne sea water, the acrosomal reglon does not seem to be

completely actlvated The majority of these sperm are smaller 1n dl?

ameter than the fully‘reacted ones and 1nstead of a lengthy process

M : . o
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only a small bleb is apparent .at, the'sperm aper (Fig.'Z) The acrosomal

process in the fully reacted sperm is relatlvely short (about 6 u in

.

'length), sl1ght1y tapered at_its apex and has a,max1mum w1dth of ":“jﬁ 5

approximately 0.2 (Fig. 3)
The fully reacted Sperm of Cuoumarma lubrica 11kew1se d1sp1ays a

.typ1ca1 acrosomal ‘process.  Unlike that in L cZarkz it does not taper

d1sta11y and is only about 0. 1 u in w1dth (F:g 4) The actua&plength, - "

i

wh1ch exceeds 35 u, is 1mp0551b1e to determrnevdue to the fragile nature

"of the process. Many semi-reacted spermatozoa are also evident in thJ.s"@3

J' .-q.,,

speC1es (Flg 5) Whereas the. ap1ca1 bleb is 51m11ar to that formed in
L. cZarkz no d1men51onal dlfferences are noted between the heads of these

sperm and those of the fully reacted spérm " | o L °f;
The 5perm‘§f Cucumarza pseudbcurata dlffer from sperm of L cZarkz ,

and C. Zubzmca 1n that they are packaged in heavy mucous strands and are

il

_totally 1nact1ve‘for at least 5 to 7 hr subsequent to release The
.sperm are arranged head to tall in long mucous bundles seVeral hundred
sperm in diameter. It 1s necessary for these bundles to be per1od§cally .
agltated in sea ‘water at 8 C for 10 to 12 hr before 311 sperm%are B

motile. ' o . % -

‘ Another spec1es d1fference concerns the react1v1ty of the acrosomal

v s

reglon. After employlng a varlety of treatments (alkalrne sea water ‘at
_ Varylng pH calclum-rlch sea water and albumln ‘sea water) 1t was-!oncluded

that a typlcal acrosomal reactlon 1nvolv1ng the protru51on of an acrosomal
.

proceSS could not be art1f1c1ally 1nduced ‘ Scann1ng electron;mlcroscopy

revealed no’ structur 1 changes in the acrosomal reg1on follow1ng the !

DS : ;
above treatments. Subsequent work on- naturally 1nsem1nated c: pseudbcurdta L
. . . E . ° , "-vv
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eggs showed that the sperm in fact do undergo an acrosomal reaction ‘which -

is unique to the ech1noderms. It is st111 unclear why thls r*:tmn

.”cannot be art1f1cally‘1nduced ' o -

A scannlng view of the inseminated, C. pseudbcurata egg . reveals

‘that many.sperm,have attached to the‘outer egg env&lope'(detachedisperm.
: o ’ " TR R o .

leavegimpresSions'on theiegg envelope) (gig. 6) .. :As ‘shown in figare 6,
very. few of thesevspermatozoa remain attached fddlowing preparatory = nl
procedureSQ Sperm detachment is possibly elther due to technlque pro-.'
gedures or 1t follows the same. attachment detachment sequence descrlbed

€ .
1n sea urchln eges (Tegner and’ Epel 1972) The spermatozoon attacheS‘

to the egg envelope on its 51de (lateral) rather than the typ1ca1 head-

p051t1on (Flgs. 7, ‘8) Ev1dent1y, the surface of the sperm (dorsal or

-

ventral) that first contacts the egg is pot cr1t1ca1, 51nce . 40% of the
. 4

"sperm observed were Ventral 51de(acrosome contalnlng surface) down and
60%ventra1 side up(SO eggs CQntaining:at.least ?0-attachéd Sperm per

- egg-were‘examined)" Almost perfect impresSions of the entire contacting

RS

sperm surface remalns on the egg follow1ng detachment (Figs. 7, Sy 10 _rﬁgk"

[ . -

11;r Figure 11 shows the ' 1mpre551on of the nuclear, m1tochondr1a1
‘strlated ‘rootlet. groove and flagellar reglons of a detached sperm whlch |
was-ventral s1deUP |
Con51der1ng’the varylng conflgurations of attached sperm flagella
.(F1gs. s 10) and the fact that the sperm contactlng surface is not

constant, it can be assumed that 1n1t1al sperm orlentatlon to fhe egg '

o

at the t1me of fertlllzatlon 1s random. -

b 4

The acrosomal reglons of all attached spermatozoa undergo structural

' _mod1f1catrons (Frgs;;7,v8,'9, 10),ppo$sib1y a modified acrosomal react1on,

B e



in whlch no - acrosomal process is formed. The acrosomal region appears
hollowed oux, as though ‘the over1y1ng plaSma membrane has ruptured
l(Flgs. 7, 9) In the maJor1ty of attached Sperm a tubular elevatlon :
extends from the center of the acrosgmal region posterlorly toward the-
:jmltochondrlon (Figs. 7 8 10) ‘This elevatlon whlch appearS'to lie
umfej the sperm plasma membrane cannot be explalned unt11 correspondlng
transm1551on electron m;crOSeopy has been completed
The ogg envelope in .the v1c1n1ty of the attached sperm'aleo underf

goes struetural changes, 51m11ar to chem1ca1 d1ssolution (Figs. 9,-10,
ll).” This. d1ssolut1on is especlally not1ceable around the- sperm body, .

is also- ev1dent along the entlre length of the flagellum (Flgs 7. 9)

and is obv1ously re:pon51ble for the 1mpre551ons b£ detached spermatozoa. :

4
4

D
’

l,Eyg Ihﬁﬁetment and Cbrttcal Layers K ‘p" L \:
' The.Leptosynapta eZ&rkz egg is graylsh yellow in color’.;.: : ';,f‘g
and measures approx1mate1y 0. 3 fm in d1ameter. Envelopes of eggs
excised from ovarlan tubules con51st of thﬁf?ﬁ&loW1ng layers progress1ng
1nwardly 1) outer partlcuﬂate -fibrous, . 2) folllcular cell 3) dense
lamlnate flbrous, 4)’ dense part1cu1ate and 5) 1ucent part1cu1ate.

=]

The outer part1cu1ate fibrous . layer (Flgs. 12 14), whlch varles
in th1ckneee depend1ng on preparatory procedures, consists of a fine
part1cu1ate materlal (Figs..19, 20) and a meshwork’of f1bers presujgbly
of a collagenous origin (F1gs 14 ~22) : D1rectly beneath thls is the

layer of scattered folllcular cells (Flgs. 17, 19 21) perlodlcally

°

i

,;7301ned together by desmosome like structures (Flg. 20) These cells
‘are closely applied to the dens —amlnate layer (F1g 19)<and send out

hlfhly branched (F1g. 18) th1n (F1gs. 19 QU) cytoplasmlc proceébes.
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noted in the = ter partlculate flbrous layer (F1g 21). This 1am1nate

-fibrous elements are noted in— these reglons ’ The two layers vary.

o 122
vah ,5' '

. The f0111cu1ar cell nucleus normally conta1ns one large nucleolus wh11e

the cytoplasm contains small ovo1d m1tochondr1a -humerous free r1bosomes

membrane-bound dense granules and other typlcal cytoplasm1c organelles
(Figs. 19, 21, _& ' |
Underlylng the folllcular cells is a dense 1am1nate fibrous layer,
con51st1ng of fibrous elements in a stacked arrangement (F1g 19),
ranglng in thlckness from 0 1l to 0.4y (Figs. 14, 19, 20) In various
-reglons around the egg thlS layer appears to bifurcate, formlng a o -,
relatlvefy large Space conta1n1ng fine dense partlcles and fibers as - | |

/

L

" ) - f

separation normally occurs 1n the V1c1n1ty of a f0111cu1ar cell body E

‘ (Flg 21). Immedlately 1nter10r to this layer are the two layers, dense/

partlculate (Figs. 15 19) and lucent partlculate (F}gs 19 20) No

.
3
l‘

greatly in thlckness ranging from. 1 3 to 1. 8 H w1th the dense partlcu-
late normally being %e thlcker (Flgs 19 20, 21).

_ The egg plasma membrane extends through the lucent part1c ate-g
and into the base of the dense partlculate layer as long, thin miero;

V1111 (Flgs .13, 14, 15, 19, 20). The cortical layer dlrectly under- "l

Iy;ng the plasmalemma contalns numerous r1bosomes, small ovoid m1to—

<

'chondrla large ve51cu1ar structures endoplasmlc retlculum and yolk

granules (Flgs. le, 19) No typlcal echlnoderm cort1ca1 granules

(Harvey, 1911 Lonnlng, 1967) are apparent in. the cortlcal layer

- The average Cucumarza Zubrzﬂa égg is about 1 1 mm in

d1ameter and green 1n color. Envelopes of oocytes exc1sed from the

_ - - ¥

ovarles consist of the f0110w1ng layers progre551ng 1nward1y"

\ o v : o P



1) follicular‘cell 2) dense laminate fibrous, and 3) dense_particulate,
The scattered f0111cu1ar cells contaln a large nucleus with a single
nucleolus and cytoplasm contalnlng the usual organelles (Flg 25) " The

cells send out long, thin cyt0p1asm1c processes’ overvthe dense 1am1nate o
— . . ) v :

fibrous. layer (Fig. 26) ‘The dense'laminate fibrous layer (Figs 23,

'c

24) ranges in thiékness from 0. 1 to 0. 8 n (Flgs. 25 26) and is contlnu—‘

n

ous, W1th no obvious separatloﬁs as-noted in L. clarkt. Beneath

_layer is.a region of uhiformly dlstrlbuted electron dense partlcles,
'the dense partlculate layer (Flgs 24, 25, 26), whose thlckness varies o
: ) R / - a‘%

from about 4 ‘to. 7 H (Flgs. 25, 26} ";. : C : S

" “The plasma membrane under11es thls 1ayer and extends sllghtI‘ i

it in the form of rather short,»w1de m1crov1111‘(F1gs. 23 24

u_Electron dense partlcles of the‘dense partlculate layer are sci

o>

the bases of these cytoplasmlc‘extens1ons (F1g 27) p0551b1y dué‘to' R
the physical barrler formed by the folded m1cr%V1111 (Flg 24)or flxatlon

\ shrlnkage The egg cortical layer contalns small OVOld mltochondrla, few
p i :
r1bosomes yolk granules, ve51cu1ar structures and no apparent cortlcal

©

granules (F1 s..23, 25, 26). - » : o o .

cumarta pseudbcuréga egg is orange and measures N

v .

approkima ly 1 mm in dlameter- The large exc1sed eggS‘ whlch are

”tlghtly aqked w1th1n the ovzzlan tubules (F1gs.«28 30), are externally
surrounded by an- exten51ve1y th1ck dense lamlnate layer measurlng

" abput 8 H (Flgs. 28 29, 30) Th1s layer is composed of stacked non-.
e ¥
£'~cont1nuous 1am1nae of relatlvely low electron—dense materlals each

Qﬁgasurlng about 0 2 in thlckness (Flgs. 30, 31) Immedr\}ely beneath
‘these lamlnae is a continuous zone of mater1a1 with the same structure ' "_}5'

- . . ! B . . ‘g
. S e . . s

> “



. - E ] ! - )
. ‘ "
£ ‘ | s o
and den51ty measurlng about 0. 3 & in thlckness (Flgs. 29, 30, 31) <)

D1rect1y beneath and in gontact with ‘the above layer is the ﬁ*

Ll

plasma membrane of the egg (Flg‘.SI) No mlcrOV1111 are ev1dent

v

Underlylng the plasmalemma is the egg cort1ca1 layer whlch consists of
. small ov01d mltochondrla (Frg. 30), yolk grinules (F1gs 28 29, 30,

31), numerous V951c1es occurr1ng e1ther 51ng1y or in grﬂhps of" up to

’

20 (Flgs 29, 31) and no cortical granules Also in thls area are-
numerous membrane bound electron dense granules con51derab1y smaller in
AR

dlameter than granules (Figs. 28, 29, 30, Sl)m The granules

vary_ln shapé.#k 'fSpherical'to'elliptieal and ‘are of the same electron

den51ty as the yolk granules (Flgs 30 ‘31) _:. S .
f~ Flgure 32?shows the outer layers of tha,?msemlnated C' pseudocurata

,ﬁ

'egg; At the scannlng level there appears to be no great*structural
changes 1nduced by1nsem1natlon, as ‘observed in varlous echlnoderm
”f specﬁes. The small electron dense granules are st111 present and are
probably not 1nvolved 1n any type of cort1ca1 reactlon (Flg 32) JTwo
“'minor morpholog1cal dlfferences betwéen theunlnsemlnated and 1nsem1nated

eggs are ev1dent 1) the dense lamlnate layer is sllghtly thlcker

» v

after fertlllzatlon and 2) a layer with a f1brous con51steneyﬂfo§ms 2

@ g
between the laminate layer an%\the cell membrane (Flg.,32) T : i_. P
: | - SR . . :
. 7'Disc05s1on2. T:>*‘ ' |
. . . e R
» In Leptosynapta clarkt and Cucumarza Zubrica two types of- acrosomal

reaet1v1ty are observed The Sem1 reacted condxtlon, where a sma11 bleb

v

1s formed at the sperm apex,. e1ther represents a malformed process or

‘a natural 1ntermed1ate %tructural stage occurrlng prlor to- complete

[ : € . """. EN
. Lo . B : - 5
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>



. . 125

acrosomal dlscharge The latter is doubtfui since the extension of the"”
) acrosomal process in other spec1es is compléte -after a few seconds of
exposure to the 1nduct1ve solut1on (Dan, 1956) ‘This ralses the questlon- '

" of whether or not two- types of sperm are produced in L.. aZarkt and C. . .
-l‘ .

. Zubytca one of which is non- functlonal Dan (1954a) found that in the
“ aste1o1ds Asterina and Astertas the maJorlty of the 5perm whlch falled

to react had smaller heads and likewise suggested the p0551b111ty of a
) , . :
type 6f non- funct10na1 sperm.

The sperm of L. elarki and C. Zubrtca undergo acr050ma1 d
J
typlcal of echlnoderms‘ whereas the reactlon of the C pseudom

is unlque to the phylum Subsequent Sperm passage through egg 1nvest-‘

] ment layens is 11kew1se unlque to the phylum and tends to be S1m11ar
to that reporte? 1n trematodes (Burton 1967) and~mammals (Austln 1968

—
Bedford 1972) wh1ch exh1b1t lateral fusion of gametes. The

: dlssolutlon of the underdylng egg 1nvestments could be. postulated to be

the result of egg 1y51ns (tryp51n-11ke enzymes) produced bylthe sperm

-
' Presently,lthere are confllctlng reports concernlng the 1yt1c act1V1ty

-

of echlnoderm sperm (Stambaugh aﬁH’Buckley, 1922 Vacquler et al 1972 N

Longo and Schuel 1973  Summers and B nder, 1974) with the maJor1ty
i :

,'rof,evidence disfavorlng*a tryp51nf-; 3 idbe sperm component. {f 1n
- fact such enzymes are forméﬂ hy the - /udocurata 5perm, it 1s probable
that they arelnot conflned to the acrosomal reglon as 'in mammals BRI ;

(Colw1n and CoIW1n, 1961a b) but present along the ent&re length of the'fV

. 3 . LoTes . oy L ; . )
. P e, e . TR A ’ ’ N : N

In1t1a1 pamete contact in the holothurlan c. pseudbcurata

A
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uJ

. may be dlfferent from that descrlbed for othex echlnoderms Summers and

Hylander (1974) have suggested that ech1n01d gamete contact 1s ,a two- step

process con51st1ng of a bindlng between eXtracellular materlals on the

acrosomal process and the oolemma and then a membrane fus1on between the

acrosomal process t1p and the oolemma. Aketa (1973) has postulated that‘
: N

a specles -specific component is present én” the apical ‘end of the ech1n01d

.\“xsperm whlch is complementary to a Sperm b1nd1ng V1te111ne layer proteln

’present unkpown o : D SR 4

These two molecules are p0551b1y respon51b1e for both initial ‘species

L

1

recognltlon and bondlng of gametes Summers and Hylander (1974) corre-.

spondingly suggest that such spec1f1c sperm molecules are contalned

4

withln the acrosomal ve51c1e andaare made avallable to the egg surface

follow1ng the acrosomal. reactlon and that these quecules form a struc-

»

B

turaﬁ.bond w1th the v1te111ne enyelope prlor to membrane fu51on. ‘Since

\',

’observat1ons 1nd1cate that no acrosomal process is formed 1n C. pseudb-.

<8

curatq, spec1es recognltlon by th egg s. ta.: must be medlated through
another structural region on the sperm Concelvably, the egg b1nd1ng
molecuzbg as suggested.in echinoids, is locailzed in’ the acrosomal

reglon and is dlscharged over the surface of the sperm at the tlme of"'

ISperm-egg contact If thlS ﬁs the case then the ent1re sperm surface

.r

rather than Just the ap1ca1 t1p 1s respon51b1e for spec1es recognlklon.-

The mode of 1n1t1a1 membrane contact and- subsequent fu51on is at the

Ly

The phy51olog1ca1 51gn1f1cance of the observed d1551m11ar1ty 1n the

acrosomal reactighs from spermatozoa of these three specles remalns to

©

-

be- eluc1dated It is noted however, that in L. cZarkt and C Zubrtca the

egg 1nvestpent layers af@ qulte 51m1lar as are the ~rosoma1 reactions,
. ) FEN D .. - ) .
e T C- GRS

Nt | : . .
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Pt whéreas, in C. pseudocurata bothﬁthe egg 1nveswments and acrosomal
. v N ; s ; - < v e
‘*reaction are ulte drfferent %mf ax e : i P

e

“reporQQd in Cugumarza frondbsﬁ'that the Jelly ‘coat

B

surroundlngathax'dtyte 1s»e1ectron densanand has antouter border with

. I
&
. ]

R
i?“ a layer of adherlng f6f11c1e celle \terpal to it and an inner, border R

y L2
i . B
s :

@iu near the oolemma The 1nner bOrch 1s exvernal to microvilli of tﬁe

" i ey
oolemma and is separated from the oolemma By a space Void of Jelly

ranular substances L2 Lbnnrn erred anule 11ke structures 1n
g g

the cortlcal reglon as cort1ca1 granules but ﬁ;om the 51ngle mmcrograph, u"

it appears as ;though they d1ffer from cdrtlcal granules in’ asger01d54 ' e
I Lo i . - ¢
and ech1n01ds 1n den51ty and substructure ~ There 1s:ﬂm ev1dence that _1( o

K L v

~fhese structures are 1nv01ved in- the typlcal COItlé%l reactlon notqﬁ rnq
ech1n01ds Substructure of the 1nvestment layers 1n Cucumarta.frondbsa F- .

'\ .

due to poor flxatlonﬂandiresolutlon canpot beé adequately\comparej ‘to the ~i!; -

substructure of the 1nvestment layers’r; thrs stuéy ' -;'_A‘ ZV' o

|

Prelamlnary observatlons 1nd1cate that the outer. partlculate flbrous

‘

layer Of the.L ,cZarkt egg ‘comes from the haemal 51nus of the ovarian - "' -

E wall The partlculate as well as the collagenous 11ke f1brous component
- -

.

of thls,layer are characterlstlcally ‘noted 1n the ovarian haemal sinus’
: b4

in the earller stages of oogene51s (Atwood 1973) It appears as though

develop1ng oocytes pass through the germ1nal eplthellum of the ovary

into the haemal 51nus at .an early stage of development presumably for
nutr1t1ve reasons The manner of release of the mature oocyte from the
. y .

= Ay
51nus is presently unknown

- w p—

EEN

Present observatlons 1nd1cate that 51gn1f1cant spec1es varlatlon : -

"
’

f occurs in: the substructure of holothurlan egg surfaces The egg 1nvestments-

of Lo clarkz-and c. Zubrtca are 51mrlar, whereas that of C pseudbcurata

rov .,-.’,..._
ot

A N



, the egg cortlcal layer is ves1cu1ated and contalns small electron-

'is different. The external%ﬁ:yers of- the C bseudbcurata egg are .
. ; ¥ - :
~ 4 < Y2 L%

o ’ . !‘w

‘uh ¢
structurally d1551mlﬁhr to the above “two spec1es in that.\gj the follT\

v,

1cu1ar cell layerﬁgg absent 2) the lamlnate layer 1s vqggrextensive '
o v .-
d contalns ‘ng flbrous component, 3). the dens&agarﬁlculate.$ayer is-.

f sent 4) m1crov11h of the plasma membrane are not eV1dent anﬂ ﬁ%

dense granules dlffErent in morphology from the yolk granules The o drend

phy51olog1ca1 51gn1f1cance of these structural\varlatlons cannot be 3g§/

cture of fertilizatlon has-been‘ﬁescribed.
Y R

egg envelppe in €. pseudocurata con-

v

_remely denSe laYer r%fher than the

determlned untll the f1ne [

It 1s 1nterest1ngv th'

A*Zarkt and é’ ??pwzca. ,This

‘ldlfferent 1ayeps observeqal'f

‘) ,,' .j - &

'nse layer could p0551b1y present'a greater barrler to ag-- Cw

’ K3 L
ety u

4] ~im " ) } “ 2 "‘n.. .

- a typlcal echlnoderm acrdsomal ﬁrocess (one w1thout aCCompanyrng en-" ',

\1"
-

)
_follow1ng natural.. spawnlng In the case of L. clarkz, ‘which is an in-

®.

vzymatlc act1v1ty) could not penetrate sucH an. 1nvestment Treas a.

‘51. . .
s N S

: he
sperm that does possess such act1 ty could Unt11 research 1s com-

pleted on the b10chem1ca1 propertles of\%he acrosomal reglon phy51cal

| m—ot
A

propertles of acrosomal process and chemlcal propertles of ‘egg 1nyestments

o

’

.in many holothugzan spec1es thls problem will remain unsolved ‘ -
A}

I ; o
Investment layers of” the three spec1es studled in the present Te-

- *

search surround pre spawned prlmary oocytes 1n‘the germlnal ve51c1e stage

It.is conce1yab1e that structural changes could occur in the 1nvestments \

@

‘ternal fertlllzer mature eggs are retained w1th1n ovarlan tubules and "

\
. w -

are not freely spawned to the out51de tThere 15 no doubt that the outer

qfoll1cu1ar celI lgxercremaras—rntact durlng fert111zat10n 51nce 1t per-

A ]

vanc1ng sperm than'the Investments of the other two specres Perhaps v

.

[RwA
I



'  « 'sists tH&o gh the early developmental stages of. the emH;yo In.C. -

¢ ‘pseudocura a, naturally spawned eggs have been examlned and no struc- . , ®
R ] H
i tural drfferences noteé In the Ease of C Zubrzca, -mature naturally’

Vo PR W . ay
" é_spawned eggs have not beea 1nvest1gated It -is p0531b1e that xn'th;S' ﬁ.{ '
L (spec1es the outer folllcular gg$l layer 1; shed prlor»to spawnlng. R A
L s ) S Ce 4 ':‘“",_-fé_;v:
. ..', ] - *\3 ! ‘ L. . s ) . '-“"\:Ii
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Figure 2. SEM ofbseﬁgé%eacted L. clarki sperm. Note: 'small bleb .~
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. i u :
at sperm apex (arrow), X 27,000,

Figurc 3. SEM-of reacted L._qlarkt spermatozoon. ‘Note: acrosomal

process (arrow
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PLATE 2

Figure 4. SEM of thé¢ reacted spermatozoon of Cucumaria lubrica.

Note: ex.tcnsi{/e _e&_&vz‘rosomal process (3rrow) , X 124 50.
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< [ . N . katth
]

Figure 5. \SE'hi of semixr¥ucted C. lubrica sperm, ,_5@& ’small bleb
-at sperm apex (arrow), X 17,500. o
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L PLATE 3 kﬁé
o : g e
: Figure 6. SEM of the outer ;urface of an; 1nsém1nated C&cumarza

paeudbcurata egg Note. 1mpre551on$ of detached sperm as Wbll

¢+ as attached sperm (large agrow) and attached Spermatozopn talf

(small arrow) X 1,200, '1'-'f

e
e ot - . - ". - t \ Sl-‘
- . -' . ) r :f' v .'
\F1gure 7 SEM df an attached Spermatozoon on. the surface o a *
P N . .
C pseuddburatazegg the"-lmpre551on r n1ng on eé;)surface“ °”.
,."' _‘ % " i ! v

1n detad’bd reglon of the flagellum (arrow), and the hollowed out
- e :

»reacted acrosomalﬂmeglon, X 12 250
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PLATE 4

. . : ©
f . - -

Figure 8. Scanning .electron m1crograph of attached spermatozoon on

the surface of an 1nsem1nated C. pseudoeurata egg. Note: d1§solu-

tion of egg investment layer'erOund nucIear and mitochondrial

. “ R - . I‘ M .
regions of sperm; and reacted acrosomal area, X 13,800.

° . ST ‘ )
Figure 9. Same as figyre 8 R‘Npte'

)

: impressions on egg investment

layer of detached lagellqr regiods‘(arrows); feacted aérosomes;'

and exten51ve dlssolut1on of the egg envelope surround1ng attached

B

‘spermatozoa X 8,750.

- o | ' ”\' - [”\.
Figure 10. y i :

Same as figure 8. Note: extensive dissolution of"eég-
enVeldpe; and tubular elevation extending from the center Of the

-acrosomal region posteriorly thérd the mitochondrion (arrow),

. X 16,250, - , .-

Figure 11.2 SEM showing impression of detached sperﬁvon surface of

C. pseudocurata egg. Note: nuclear (N), mitochondrial (M)h.
~os 3 . '
" striated rootlet groove (arrow) and flagellar (F) regions; and

extensive egg surface dissolution surrounding sperm impression,

X 17,500,

R
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N _ ] ) ’ . a
figurc 12,
/

i

SEM of LoptOSJnapta clarki egg. Note: outer pérticulate-

- fibrous layer (P) and dense 1

i

aminate fibrous layer (L); X 200. ¢
. b '

L] hl R . 1Y
Figure 13.. Same as figuré 12. Note: outer investment iayers have
been remdyed by héayy agitation thusacﬁp051ng the undexlylng micro- -

villi of the plasma membran. M), X 450,
] ! <.

‘r . . o . - \&.

Figure.14. SEM of L. clarki egg shOW1ng outer partlculate -fibrous

layer (P), dense laminate fibrous’ laye (L) and m1crov1111 of the

plasma membrane (M), X 4,200. . '

/ \.—-/‘.



-

\
il T RN

-..y.n-\'\




LN ——

. PLATE 6
. ) '

Figure 15, Scanning electron micrograph of‘L.tharki.egg showing

the dense laminate fibrous layer (L), dense particulate layer (D)

- \

and microvilli (M), X 10,500, C | -
\/‘\“ ) v 3 ) . . . i ,

Figure 16. sSame aslfiguﬁe 15. Note:. outer particulate—fibrods'

LIS
~

iayer (Pj and yolk g&énules;}?)'of'the egg cortical léyer, X 9,750.

»

- ‘ . - ) n " . .
Figure 17. SEM of follicular céilgf;;:::>§j on surface of L. ‘elarki,

. : I c g
X 3,500. o
. i - ' o ' ' » L: s
Figure 18. “Same as\figupefl?. Note: highly branched, thin Eyto-

\

‘plésmio processes éxtendiﬁg from the follicular cell (arrdwﬁ,

-

X 10,500. o IR N
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- . L -PLATE 7

<

Figufc 19. Tranqmlsslon clectron mférograph (TEM) of the investment
layers of the' L. clarki egg. Note: outer part1culate flhrous
layer (P) \folllcular cell process (FC), dense lamlnate fibrous
layer (L), dense partlculate layer (D), lucent part1cu1ate layer
(%%, microv1111 of the plasmalemma (M) and cgg cortlcal layer

(Cj, X 22,800, - N

e
nghre 20. Same as figure 19. Note: desmosome-like structure
1~.
connectlng two folllcular cells (arrow), remalnlng legend is’

Al

same as for flgure 19 X 18,900.
” \

. e . [
Figure 21. Same as figure 19. Note: separation in the dense
T ! .

laminate fiQrous layer (arrows) by space containiﬁg electron-dense
. . " - = O
particles and fibers (area between arrows); and large overlying -

follicular cell (FC), X 8,050. . SN

r/
o

Figure:zf. TEM ?f/fiyérs/pfégggz/;;—the outer parficulﬁte-fibrous

#M,/layer’Ef/Eﬂg/i.@clapki egg, X 66,150, . .
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~ PLATE 8~ -
.3 coo
. : g Y
Figure 23. Scanning electTon micrograph of the Cucumaria lubrica egg.
L] - : B . l
Note:  dense laminate fibrous layer (L), dense particulate layér
(D), microvilli of the plasma'membrane_(M) and?yolk granules (Y)

of the egg cortical layer, X 2,650."

.Figufc'24. Same as figure 23. Note: densc laminate fibrous layer

(L), dense particulate 1ayer.(D) and microvilli (M), X 12,250,

ey






“PLATE 9 -

.Figure‘ZS( TEM of 1nvestment layers of the Cucumaria lubrica egg.
¢

- Note: f0111cular cell (FCQ), underlylng dense laminate. f1brous

ia&e{\jL),udense partlculate layex (D) and yolk granuleS'(Y),

,“)(-9,1@%’.3 0 oo o o

~ - « . . y

.

Figure 26. Same as figure 25, /ﬁpte:’ microvilli of thé:plasmh

membrane (M) ; remaining legend is saﬁe‘as for figure 25, X 9,000.

W
A\

Figure 27, | TEM of C. lubrica egg‘qhowingvplasma membfane with

m1crov1111 M) and ceizigal layer with- ‘yolk granules (Y) Note

the lack of gortical granules X 24, 300






PLATE 104 *

Figure 28, Scannlng electron mlcrograph of the' outer investment .

v
~

layer of the Cucumarma pseudocurata egg W1th1n an -ovarian.tubule.

Note tall columnar eplthellar cells of the ovary (OL dense

u

laminate’ layer of the oocyte (L), small electron dense granuleq
o -

v in egg cortical layer (X) and large yo}k”granules also 1n-the
egg cortical layer (Y), X 4,200. R - ™
; , .nl
F1gure 29. —SEM of "the %pter~1ayers of the C. pseudocurata egg g
Note dense . lamlnate layer (L) basal zone of the dense lamlnate
yi

.

layer_(arrows), ve51c1es of the egg cortical layer (V), small
. ef¥ctron-dense graguies.(X) and yolk granules (Y) in the egg

cortical layer, X 4,200. T

4 o
"






PLATE 11

Figure 30, Trénsmissioﬁ electron micrdgréph'qf the outer layers of

the C. pseudocurata egg within an ovarian tubule. Note: ovarian

; tissue (0),Aaen53 laminate layer of the egg (L), basal zone of
the dense laminate layer (arrows), small dense grapules in egg

cortical layer (X) and yolk granules ), X 7 ,700,

Figure 31. TEM of the outer layers of the C. pseudocurata egg.

4

Note: ve51c1es beneath the plasma membrane. (V) ; remainlng legend

is same as for flgure 30, X- 10,800.

Figure’SZA SEM of the surface of the1nsem1nated c. pseudbcurata egg

« . , ®

.NOES; 1mpress1on of detached sperm (S), dense laminate layer of"

]

the -egg (L), fibrous layer (F)'whlch forms.between léﬁinate layer

,and cell membrane, small dense granules of egg'cortical layer (X)

, >, and yolk granules (Y), X 4,550.

B
.
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. © . GENERAL gscussxon. AND'CONCLUSION R
— v L

Y 4 ‘/" -
Th1s chaptet is an attempt to draw together the dis ussions from '
s : & .
‘the precedlngr51x chapters in a manner so as  to nswer the questlons'

set forth 1n the general 1ntroduct;on.,”’_"”araes, conclhsrons and

[

hypotheses will be pnesented/}ﬂ/the same order as the questjons.

N ’;

Y

s N
1) - How is spermétogenesrsuln the class Holothur01dea comparable

v

to that reported in other echlnoderm classes and 1s there variation - |

in the spermatogenlc process w1th1n the holothurlan class? : o -
S .

Except in the caseﬂof the ech1n01ds Arbacta'punctulata and Strongy-
Zocentrotus purpuratus (Longo and Anderson 1969) there is no detalled
comparative work available on /the phylum Nevertheless’ general obser-
vations are avallable 1n the class Aster01dea. In the aster01d}

Leptasterzas developlng germlnal cells form ingers.or-coipnnétte§~

' (Cognett1 and Delavault 1962) wh1ch gﬂlge ou from the germlnal ep1- e

thelium into the lumen of the testes (Sm1th 1971) The cells of the :

colonnettes are layered accordlng to-maturlty and proceed from sperma-y

¢ ’

togonla at the base to mature spermatozoa at the lumenal t1p ‘ In the

)

ech1n01ds (Longo and Anderson 1969) and holothurlans (present studY)
X

' the germ1na1 ‘0ells are arranged_ln a series of ce11 stages progress1ng

from';permatogonla (normally in contact W1th the testlcular wall) to 4
spermatocytes (located among and lumenally to the spermatogonla) to

spermatlds and spermatozoa (occurrrng centrally 1n the testlcular lumen)

\ 'Developlng cells are’ not separated into deflnlte-zones but are generally

'Amore mature as they proceed from the gonadal wall toward the lumen._



. o :' LN : i ' ' S
Morphogenesis of Aerosomal Regiou - \

\// . » o

g - - '
Information concerning acrosomal granule morphdgenesis in. the b

‘echinoderms~is'very sparse. It is generally agreed that the Golg1

"vcomplex is assoc1ated w1th the formatlon of proacrosomal ve51c1es.

These’ ve51c1es probably coaleake to form the. 1n1t131 acrosomal granule

N

- during the late spermatocyte&early spermatid stage of spermatogene51s.

The 1n;t1&1 granule in the aster01d Asterina contalns a central reglon

N

. of sparse randomly or1ented dense mater1a1 surrounded by a reg1on*of
; "x, .

"materlal in a rad1a1 mlcellar rrangement The centrally located

a

'materlal .condenses as spermtogene51s proceeds and becomes more electron-

* "

dense than the per1phera1 reglon (Dan and Slrakam1, 1971) In'the

y

ech1n01ds Arbacia and Strongylocentrotus the 1n1t1a1 granule appears as.
. a membrane bound vesicle v01d of electron- dense mater1a1 The granule,
" at a’late stage.of spermlogenesis con51sts of a flne granular homo-,.

geneous matrix wh1ch contalns no characterlstlc substructure (Longo and

. N
Anderson 1969) In the holothur1a2 Cucumarta Zubrtca acrosomal

formatlon is 51m11ar to that reported in Astertna The initial granule

wh1ch is 1rregu1ar1y c1rcu1ar and enclosed by a membrane .consists.of

[

.a dense homogeneous material ‘with a ret1cu1ar consastency The granule

*
' materlal loses the retlcular appearance during mlgratlon toward the

ap1ca1 sperm surface and becomes less electron dense. By theftime the,

<

granule reaches the nuclear reglon destlned to become the acrosomal

160

MR N

depreSsron, it con51sts of a homogeneous mater1a1 except for an e1ectron~

| dense Sphere dlsplaCed anterlorly.; h-f Lo

.-

.. the acrosomal granule 1n Leptosynapta elarki - d1ffers 1n detalls from °

5 ] . .2 «

"In the present 1nvest1gat10n 1t was found that morphogene51s of
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other echingdernm specics. The 1n1t1a1 granule is 1rregu1ar1y c1rcu1ar
surroundcd by a-limiting membrane and con51sts of a heterogeneous materu

1a1_d15t1nctly segregated into a denselretlcular peripheral zone and a
. . ) . N J . .
less dcnse vesicular central zone. As the granule matures, the central

v

vesicular structures break.down, forming a ZOne composed of a homogeneous

material less electron dense than that of the per1phera1 zone, which has -

o

... become lcss reticular in nature. Later in morphogenesis the granule
. ot ) . .

bacomes relatively circular in shape and, develops four or five concentriC'

. -4

dense bands in the central zone. TWO electron-dense, cup- shaped bands

occur in the posterlor reg{on of the granules of both L. cZarkt and

»

c. Zubrzca. These bands which can be equated to 51m11ar structures

o

_W1th1n the asteroid granule have been shown by Dan and Haglwara (1967) -

to be 1nvolved 1n the acrosomal reactlon.

Morphogene51s of the acrosomal granule in'Cucumaria“pseudocurata is

likewise unlque to prev1ously reported echlnoderms. The granule beglns

s

as a large 1rregu1arly circular structure contalnlng a hlghly sparse,

f1ne retlcularomaterlal. In the late spermatocyte the granule contents

<

have condensed from a Sparse retlculate state to a more electron- dense
‘partlculate f1brous nature As in L. elarki, the granule membrane

destlned to become the adnuclear surface Uecomes overlald wlth a th1n

layer of dense materlals +As the granule matures, thls dense mater1a1
becomes less osmlophlllc and locallzed %o the 1n51de of the adnuclear
'granule membrane. The granule changes- from 1rregular1y c1rcu1ar-in;shape

to a structure with its anterior-posterior surfaces flared out into the’

< .
.

surrounding periadrosomal material. The osmiophilic material of the
adnucIear surface progresst to the state of an 1ncomp1ete membrane 11ke

LY
Bk}
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structure which extends from the anterior-posterior inner surfaces

around the dorsal face éf the granule; This structure coﬁld be corre-
lated to the cup-shabéd bands in thé posterior granule rcgioné of L.
“clarké and C. lubrica. |
,ﬁncircling the ;cro;omal granule. in L.-cZarki; C. Zubricé and

¢

;-

C. pseudocurata, within a nuclear depression, is a periacrosomal layer

generélly composed - of a re:iicular material. This material appears to

N

arise from the cytoplasm lying in the"region of the nuclear depression

rather than from other areas of the cell.

It is generally believed in echinoderms that the acrosomal gfanule
is'formed in the basal cytoplasm region of the spermatocyte-spermatid

staée and migrates to the apical end of the cell by_tihe of maturiiy.

> \.

In the agteroid'ASterina, the'@igréting.granule maintains no speéific
orientation Qith respeé§ to the nucleus. Ho&eve;, the surface on which
dense matérigls are @gposited is always at the sidé'farther‘from the

‘Goléi complex (Dan and Sirakami, 1971). In L. cZafki' the dénsefsurface

- of the granule appears to remain in-close association with the nuclear

envelope throughout dévelopment._ In C. péeudocurata the dense surface-

»

of the granule faces away from the nuclear envelope<duringfmigration

and rotates within the nuclear depression into an adhucleaf‘position at

>

the spermatid stage. Acrospmal rotation of this type has not been A '

previously reported in echinoderm spécies.

'Mbrphogenesis of’Aﬁthhondriai ﬁbgion

In all three-holothurian speciesvinve%tigated in the present study,

. : . . ) . . . N . i ! '
mitochondrial elements transform from small ovoid forms in spermatogonia



. and spermatocytes to a 51ngle large structure in spermatlds Two hypo—
the§es are avallable to explain this final shape of the m1tochondr1on.
The first possibility is that mitochondrial elements observed in
sperhatogonia.anddspermatocyngs,fuse tofform'qne single organelle, as
reported in echinoids (Lohgo,and Anderson, 1969). ‘A.secohd possibility
is that -only one mitoehondrion‘exists in the cell throughout the sntire
propess:of spermatogenesis. The‘mitochondrion, in'the easly stages,

would be‘highly‘branched,.consisting of many greatly folded tubular

I

units. This model could explain the many small ovoid mitochondria

observed in sect;ons of earlier stages of spermatogene51s. It is then
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conceivable that as the germinal cell matures, the mitochondrion con- . —.

denses “into a single compact organelle lying a§ the base of the nucleus.
Pre11m1nary data obtained from ser1a1 sections of early spermatlds of
L. clarkt and C. pseudbcurata ‘indicate that thlS modeL is fe351b1e.
' Hoffmann and Avers (1973) have shown that a s1ng1e tubular mitochondrion
,rather than numerous separate units exlsts‘1n the yeast cell and have
jndicated that a 51m113: s;tuatlon is noted in mammallan cells.
Mbrphogeneéis of Nuclear Region

Dur1ng the process of spermafogene51s in all three holothurian

species, the nucleus becomes relatively c1rcu1ar.- Ih D. clarki the

circular shape is ma1nta1ned throughout sperm1ogene51s and remalns ‘un-

”changed in the spermatozoon. Spermamlds of C. Zubrzca and C. pseudbcurata,

1

on the other hand undergo an elongat1on process whlch results 4in a

tompedo shaped (cy11ndr1ca1) nucleus in the C, Zubrzca spermAand a

.

tab101d shaped nucleus in. C pseudbcurata A similar nuclear elongation-

[y
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process is observed in the ech1no1ds Arbacia and Strongylooentrotus
/ ! \

(Longo and Anderson, 1969) Nuglear»elongat1on 1n-the holothuxians and

echinoids does not appear to be accompanied by the presence of micro- .

tubules but is probably due to internal condensation of the chromatin K

»
3

material of the nucleus. _ S .

In L. elarki and C. lubrica spermatids, nuclear indentations form |

at the'posterior (centriolar fossa) and anterior (acrosomal depression)

i . N . .
regions. Extending from-the nuclear surface of the proximal centriole
’ ‘ g ¥ _ o - . :
into the posterior centriolar fossa is a dense projection with a'fibrous

"-consistenty in L. clarki and a tubular-fibrou's consistency in C. lubrica.

The formation of the fibrous projections'parallel that of the cent*iblar
- [ - . N

. ) & % N '
' fassa in the early spermatid. The projections gradually &become less

r promlnent dur1ng late.spermlogene51s but remain in a reduced form in the. .-

"mature spermatozoon. Longo and Anderson (1969) reported that similar
.
projections occurred in gthinoid spermatlds but were absent from Spermato-

zoa. It was ventured that they were 1nstrumenta1 in the fbrmatlon of the

centnolar fossa. A dense f1brous structure extendlng fro* proximal

centriole and=51m11ar to the fibrous arms in L. clarkt C. lubriga.and
ech1no1ds, develops in the early spermatocyte,stage of C.ﬂpseudbaurgta.
In this holothurian species the fibrous arm is a transitory structure

“which is instrumental’in the formation of the extensive striated rootlet-f

like structure observed in the spermatozoon. - It is p0551b1e that the

flbrous arms of L. elarkt and C. Zubrzca are 11keW1se 1nvolved in the
morphogenes1s of the tran51tory str1ated rootlet 11ke structures noted

in tne centriolar reglon of the spermatocytes,of these two species.

e - - . - o
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Tubular and Chromatoid Bodies -

"Two cytoplasmic organclles not~previously reported in ecHinoderms
. . / ’

have now been obscrved in germinal cells of holothurians- The spermato-

gonia of C Zubrtca contaln a tubular body wh1ch con51sts of parallel

\

mlcrotubules; ThlS structure has been termed the Crystallord of ¢

Lubarsch (Lubarsch 1896) and has been observed 1n human (Nagano, 1969;
;‘Rowley et al., 1971) as well as roostgr (Nagano 1969) spermatogonia.-
‘mThe ultimate fate and functlon of thlS structure rema1ns obscure. Tubular
bod1es were never- found in L. elarki or C pseudocurata germ1na1 cells.

In L elarki spermatocytes and C. pseudocurata spermatlds there occurs ' a

.

densely stalnlng chromatoid body The structure is of a honeycomb con-

flguratlon with a flﬁe granular con51stency. The body is frequently“ )“

surrounded by mltochondrla and normally lies closely associated with the
: - ) ’_J. . ] . i . -~ "

nuclear envelopea" Similar chromatoid bodies have been reported .in

~ various vertebrate and 1nvertebrate germlnal cells (Sud 196laNbE .

.

Fawcett et al., 1970; Comlngs and Okada, 1972; Fawcett 1972) Previous .

instances ip invertebrates (Fawcett, 1972) have been 11m1ted to the
<classes Arachnida, Crustacea.and Insecta of the phylum A;thropoda.
Fawcett (1972) 1nd1cates that the chromat01d body is pr1mar11y a, basic

prote1n which may contaln small 8mounts of RNA at Certa1n tames and that

o's

there xs some experlmental ev1dence that it is essent1a1 for germ;nal
‘cell format1on. The 1n1t1a1\speculatlon was that the body functioned™
as precurspr mater1al for the formatlon of tall components but since 1ts

| _dl;:overy;;n_yertebrate oocytes thlS theory'has been d1scred1ted: I}s

- . . -
. - ]

- function is presently.unknownV(Fawcett; 1972).
g‘_ . ’ . . ‘- .T. ' ) ',

~ . . .
- . .

LA - . o e
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'

. Fawcett (1972) has‘sugéested that the chromatoid body origjnates
at least in«mammals as loosely packed dense mater1als within m1tochond?1al

cluste%g of Spermafbcytes. The m1fochondrla gradually dlsperse as the

\ S S

dense materials of t{egjhromato1d\body aggregate 1nto a 51ngle mass.. As
|
spermatid the body formi lose assoc1ation .

the cell matures int
with the nuclear envelope and mlgrates round to the\ base of the flagellum.'

At this pos1t10n the body forms a r1ng around the .flagellum adjacent to

i

the annolus and flnally dlSperses }eav1ng no structural remnants in the

" mature spermatozoon. The fact that the chromatold body. appears to have

o

a parallel in the prooess of oogenesis (Eddy and Ito 1971 Mahowald

3 J
.

1968 1971) adds to the cur1051ty concernrng th1s organelle.
Many of the celluﬂar changes observed durlng sperm1ogene51s in C

pseudbcurata are unparalleled in the class as well as: 1n ‘the phylum.‘

Morphogenes1s of the exten51ve str1ated rootlet and the alteratlon of

cell shape in late spermlogene51s is - very 51mllar to that reported .during

N3

sperm formatlon in mammallan species. In the SPermatocyte stage several’ o

structures deve10p whlch are presumably for anchorage nd[or stab111ty

PY

dur1ng the//eveIOpmental stages of the flagellum. Thése” structures

e1ther dlsappear 1% later stages (basal foot, dense flbers rad1at1ng

from basal foot), transfbrm into mature® structures (dense arm of proxlmal

!

centrlole fllamentous structures extend1ng ‘from dlstal to prox1mal

- 0 <,

centrlole) or persist throughout spermlogene31s (safe111te mater1als of :

3

distal centrlole) g o . o L o

- .=

e

Ba51eally, therefore spermatogene51s in holothurlans 19‘tomparab1e

“ 1n several aspects with other ech1noderm spec1es w1th'many dlfferenqes

.
a

also being ev1dent As shown from thls researeh on only three species”‘

L'n

a - . < - - o v . e, e .
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great variation also occurs within' the class Holo§huroidea,

2) Do holothurian spermatozoa conform to the pﬂ(mitive sperm type -

exhibited by other echinoderm species; and if not’”then at ﬁhich stages
durlng Spermatogene51s are mod1f1cat10ns 1ntroduced and how are these
alteratlons reflected in the spermatozoa?

Franzén (1967a, b‘ 1970) has noted’ a deflnlte reIatlon between sperm e

a4

morphology, spermlogene51s and the blology of propagatloﬁ' Spermatozoa ‘
which are produced by species that rEtaln the pr1m1t1ve mode of sp‘ei‘m'~

discharge directly into the water andwfertlllze eXternally have been
A » L | . |
termed the primitive type. This type of Sperm 1s generally a smail ce11 .

w1th a short rounded or conlcal nucleus, mldplece consxstlng»from"onev
to a few m1tochondr1a and a long flagellum “The: aplcal end of the sperm
houses the acrosome “which has the capab111t1es of under01ng an acrosomal
reactlon as a consequence ‘of contact w1th the egg. The t1p of the

spermatozoon W111 be’ the f1rst reglon of the cell to contact the oocytev

at the t1me of fertlllzatlon. "If the spermatozoa are not dlscharged i: ¢

- -

freely into the. water for the fertlllz%tlon of’ the eggs but are transferred .

d1rect1y to the rece1v1ng female anlmal‘by spermatophores or by organs of

copulatlon the morphologx of the 5permatozoon fs altered 1n some way or

S

other" (Franzén 1920) In those™ specles wh1ch have sperm W1th an e

g

.-altered morphology 1t is p0551b1e to £ollow the earllest and most con-

)

sp1cuous steps 1n’the spermatozoon ] mod1f1¢at10n by carefullynstudylng

s'\. .

Et
R L . . '-

the process of spermlogene51s. .

-

: Morphologlcarly,;the‘Spermatozoon of L. clarki is of the primitive
e :

type and the events noted dur1ng spermatogenesis_are typ1ca1 of the

. "r‘.
process in those organ;sms that produce pr1 \%1ve sperp The sperm of

o~ . R : S ! )
. el _ . . . N s

[
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c. Wubrica deviates from the primitive type in that the nucleus is elong-

ate and the mitochondrial elements are rearranged along”the posterior

portion of the nucleus rather than positioned between the nucleuns and

B &) . .
flagcllum Nuclear elongation and mitochondrial rearrangement first

becomes ev1dent in the intermediate spermatld stage A taperlng of the
posterlor f‘6 M oor the nucleus accompanles the Te- p051t10n1ng of the
m1tochondr10n. .
&he spermatozoon of C. Eseadbcurata'deviates fromithe Structural
pattern observed:in thehprimitive;sperm in that it is elongated and.
dorsal—ventrally compressed, contains an extensive striated rootlet-tike
strnctnre.in the nidpiece,'has an'enlargenent and rearrangement.of*

)t

mitochondriai elements of the midpiece, and contains an additional fiber

in the" fIagellum The stage where”it becomes evident that the spermato-

genlc process of C.. pseudocurata is deV1at1ng from the characterlstlc

pattern observed in ‘formation of the pr1m1t re Sperm 1s in the early

spermatocyte. _At this p01nt the formative materials for the striated

a
°

rootlet are belng dep051ted in the regions of the prox1ma1 ‘and d15ta1
centrloles Basic ‘cell shape first becomes altered in the.intermediate
5permat1d'stage where there is-a corresponding compressionvand elongation

- of the nucleus. ‘Compression occurs in the dorso:ventral plane, whereas
elongatlon is along the anter1or-poster10r ax1s. In thexlate Spermatid
“1 . »

there is a gradual sh1ft of remaining cytoplalm’ to the poster1or-dorsal
reglon of the cell This 'shift in cytoplasm is accompanled by an 1ncrease

~in nuclear compre551on and elongatlon. The dorsal groove which houses. ..

the°strlated rootlet or1g1nates on the dorsomedlal surface of the nucleus "
.in the 1ntermed1ate spermatld and elongates posteriorly as the cell’

B . -
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matures. Through this cytOplasmlc sh1f ihg process. the striated rootlct
comes to lie parallel‘Wﬁth and tlghtly situated w1th1n the proove. In

the late spermatld stage the ‘small ovoid m1tochondr1a transform into a

-

51ngle large mltochondr1on M1tochondr1al elements surround the centr1—
01¢s and. the posterior region of the strlated rootlet as well as extending

through the, dorsal rootlet groove on the dorsal sperm surface - Mito- ‘ e

1 o

chondrial elements extend for approximately two- thlrds of, the length of

»

the groove and terminate posterlor to the “acrosomal reglon

An 1nterest1ng structure develops durlné the spermatogenlc process
in C. pseudbcurata and completely degenerates by the time the cell
reaches maturity. The structure is a basal foot-like prOJectlon\whlch
extends laterally from the wall of the distal centriole. Formation of
the basal foot first becomes eV1dent in the early spermatocyte stage.

In the late Spermatocyte the basal foot/reaches matur1t§ and *on51sts.
'of a dense cap separated from a st k by a less osm10ph111c space. The

- o
stalk is separated by another less osm10ph111c space from the two dense

»
A

connectlng reglons attached to the centr1olar wall, Flbers radlate from
" the cap reglon of, the foot and exlst in a t1ght zone between the foot

’

‘and the préximal’ centrlole In the early spermatid stage the'basal'fOOt
and radiating flbers have totally degenerated - It has been postulated
in other ceIls that the basal foot is a p0551b1e mechanosens1t1ve struc-
ture 1nstrumental in the control of d1rect10na1 movement of cilia
(Thurm, 1968; Flock, 1971) C111ated cells which contgin basal feet
show a fixed d1rect10na1 ciliary beat wh1ch is related to the orlenta—

' t10n of the feet The questlons that ar1Se are why should a developlng

--sperm ¢ell be equ1pped with such a structure and for what reason does it

- Q
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factor such as- egg investménts?
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degenerate? There are at least thr?e p0551b111t1es _ l) the basal foot
is strlctly an anchorage/stablllty structure only necessary during the

formatlve stages of the flagellum and striated rootlet, 2). the foot is
’ £ r
str1ct1y a mechnnosen51t1ve dev1ce 1mportant in the 1n1t1al movements
v'\,

R

-

of the flagellum or 3) the foot exhlbits a comblnatlon of the above two

-

P

- 3) Does spermatozoan morphology d1ffer 51gn1f1cant1y w1th1n the

?holothu1 ans; and if so, is it p0551b1e to correlate changes in spermato—

zoan morphology hlth an altered blology of pr0pagat1on or an alternatlve
. ) ) ’ '). ) : . o
Comparative Aspects.of‘HoZothurian Spermatozoan. Structure

* Ba51c sperm morphology (based on 1light and scannlng electron mlcro--\
s . .
sc0py) has been descr1bed for at least 20 spec1es of holothurlans :"'l o

Anapta graczZ~ R C%zmotota zncongna, Cucumarza cucumzs Cucumarza
eZongata Cucumarea f?ondbsa, Cucumarma mmntata Cucumarza pmperata

Cucumarza pZanct Eupentacta pseudhqutnquesemzta - Holothuria atra,

HoZothurza poli, HoZothurea tubuZosa HoZothururua edulzs Mesothurea

zntestznales Mpradia ooZztzca Parastzchopus caszbrnzcus Psolus

‘

'vchztonozdes Synapta znhaerens Thyone brzareus ZTochostoma thompson.

The sperm of these species are rev1ewed by Ch1a et-al¥ (1n press)

All of these spermatozoa, w1thout exceptlon, contaln a relatlvely

' small spherlcal shaped head measurlng 2 to 4 U in dlameter (Chla et al

in press) positioned anter1orly to a small midpiece connected to a

relatlvely long flagellum. The present study ‘has demonstrated that

utwo addltlonal sperm shapes, cy11ndr1ca1-(Cucumaria lubrica) and tabloid
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(Queumartia pseudbcurata) exist in the class. ‘
"The 51gn1f1cant structural dlfferences among: the three spermatozoa
examlned in the present study occur in the shape of the head or nuclear *
\
\4_"\

!

region, substructure ‘and locatlon of the acrosome, components of the

m1dp1ece and number of tubules In the flagellum.
. U

H

Nuclear region. The nucleus of the L. cZarki'sperm is irregularly

cirdular in shape and measures'approximately‘Z.Q u in width. The

anterlor posterlor ax1s ‘iéfshorter due to the anterior acrosomal depres-

.

s1on and posterlor centrlolar fossa. The C. lubrica nucleus is elongated

;measuring about 6.8 Y in length and 1.4 u at its greatest dlameter._:The

L]

surface by the strlated rootlet groove. The nucleus 1s tapered at the

(U

posterior 1.6 U of the nucleus is tapered to a diameter of-O.S U. °The

=

nucleus is 1ndented anterlorly by an acrosomal depression and posterlorly

by a centrlolar fossa In c. pseudbcurata the nucleus is dorso- ventrally

-

compressed'measurlng approxlmately 5.5 ¢ in length, 1.2nu in widthoand

e ) -

. . - ‘.
0.8 u in depth.- g%.extensive acrosomal depression is-noted on the ventral

:ngrface. The indentation is medially located along the anterior-posterior !

axis. of the spermatozoon and extendS'almost compfetely ‘through the deﬁth

of the nucleus}” The nucleus is 1ndented posterlorly along the dorsal

i
v

anterlor and posterlor ends and reaches its maximum d1m6n51ons sllghtly

posteTior to the acrosomal depression.‘
: A , , . X

' Acrosdmal région In L. clarki the acrosomal granule is relatlvely
c1rcu1ar measurlng 0 7 4 1n dlameter and is housed in. a nuclear acrosomal

depre551on. The -granule is membrane-bound and con51sts of electron—dense

material which in the central region is arranged in concentric lamellae.

Five such Very osmiophilic areas alternate with areas of much less =
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electron-dense material., Two osm10ph111c bands occa51ona11y occur in

-

the posterlor reglon of the granﬁle The acrosomal granule 1n C. Zubrtca

measures about 0.6 u in w1dth and 0.5 U in length and in the maJorlty of .

sectlons 16 membrane-bound - The 11m1t1ng membrane 15 frequently thrown

1nto a number of small folds at the apex of the granule,-glving/h

serrated effect to the anterlor e/d of the acrosome Grgnule contents
are of a homogeneous nature except for a dénse’ osm10ph111c sphere dlS-'

; placed towﬁrd e anterlor surfape. As in L. cZarkt two osm10ph111c

f -

::f:itﬁpea bands occur 1n the posterior reglon of the granule and have _

en termed prlmary membrane precursors wh1ch are 1nvolved in the . '
aster01d acrosomal reactlon (Dan and - Haglwara, 1967) ‘

In C. pseudbcurata the acrosomal granule is composed of a dense.. .
i . g.*"’f’ "

.

homogeneous partlculate materlal surrounded by a 11m1t1ng membrane. The

a

' granule is 1rregu1ar in shape w1th the w1dth (anterlor-posterlor ax1s)

' measuring 730 my ard the depth (dorsal-ventral ax1s) be1ng 425 my. The a
anterlor—posterlor surfaces flare out formlng pockets 1n the surroundlng B
perlacrosomal mater1a1 ‘The external (ventral) granule surface bulges.

out to form a close assoc1at10n w1th the ce11 membrane *and’ the 1nterna1
R 7
(dorsal) Surface is 1ndented formlng an 1nward depre551on Ventral to’

thls depre551on W1th1n the granule, 1s ‘a small area conta1n1ng

a

,partlculate flbrous haterlal of a. greater osmlophlllc den51ty than the '
L
i_surroundlng mater1a1 .To the 1ns1de of the granule 11m1t1ng membrane

'there is an 1ncomp1ete membrane llke structure whlch extends from the - {i;-'

-

anterlor posterlor surfaces around the dorsal face. Ihls struéture can

posszbly be equated to the cup-shaped bands noted in the posterior o o

Lo

granule region in L cZarkz and .C. Zubrzca. T B . :' :

. : ‘ .



Completely surrounding the acrosomal granule in the sperm:of all
three species 1s a perlacrosomal layer of ba51ca11y homogeﬁeous ret1-
cular material less electron dense than the granule. In L. clarki an

111-def1ned area conta1n1ng‘a small amount of frbrous material is, located
' v coon T, , . _ q
"posterior t0'the‘granu1e‘within the’periHCrOSOmal layer},'This drea

forms no obv1ous subdepre551on and is 1nfrequently observed " A similar

fibrous area is noted in C. Zubrzca. In C. pseudbcurata - areas of the

periacrosomal - layer ventral to ‘the pockets (sandw1ched between the nuclear
L3

'.envelope and the granule membrane) are more dense and granular thhn the,

‘ remalnlng perlacrosomal mater1a1 These areas could be correlated w1th

: the mater1a1 comp051ng the f1brous plate precursor of . aster01d acrosomes
i T

(Dan and Haglwara 1967). Dorsomedlal to the granule is a d1st1nﬁt S

T

‘ partlculate flbrous reglon lodged w1th1n the granule depre551on Thls

'Jreg1on corresponds to the per1acro$omal flbrous zones noted in L. cZarkz:

“and C. Zubrzca and is presumed to be the precursor of the acrosomal

s - ot

v

1zf11ament “\
'région.; The m1dp1ece reglons of the L. cZarkt‘and C

| A«- IS

.Zubrzca spermatozoa are very 51m11ar except “for the arpangement‘of the kE
‘mltochondrlal elementsz' The major d1fference 1s that +in L, cZarkt the
ent1re nucleus lies anterior to the m1tochondr10n whereas, in C

Zubrtca the tapered posterlor 1 6 u of the nucleus is surrounded by the?
- .‘
m1tochondr10n.« Both spec1es contaln typ1ca1 prox1ma1 and dlstal centrl-v
‘oles orlented perpendicular to one another lodged w1th1n the m1tochondr1al
\

" mass. A dense)fibrous arm prOJects from the prox1mal centrlode 1nto the -

3t

;centr1olar fossa in both spec1es. The distal centrlole wh1ch 1s o

*

- connected to a ser1es ‘of satelllte pro;ectlons and y- shaped membrane

3

«

Coe
L g
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doublet connectlves, glves r1se to a: typlcal 9+2 flagellum. The satel-

‘lite of the distal centrlole con51sts of nine rad1at1ng f1bers each of

“
4, - S

which branches 1nto two secondary fibers and 1n turn branch 1nto f1ne

1

tertlary flbers wh1ch form a network w1th adJacent tertlary f1bers.

9.. -
4

-Th1s netw0rk w1th wh1ch mxcrotubules are closely assoc1ated is very

exten51ve and 11es Jin close prox1m1ty to m1tochondr1a1 elements.
> .
The midpiece of the'C.’pseudbcurata spermatozoon structurally is_

174

more complex than that of the other two speC1es 1nvest1gated The m1to—'

f

- !

‘chondrlal mass 11es 1mmedlate1y posterlor to ‘the nucleus and surrounds

! ~

the prox1mal and distal centrlolesp satelllte projections and much of
the striated rootlet. The\greatest mitochpndrial,mass‘occurs on the
dorsal side of the”%permﬂWhere‘iq)lies %ithin the rootlet groove‘and*'

extends for about,two;thirds of its length The centrloles are551tuatéd

,posterlor to the nucleus perpend1cu1ar to one another w1th the dlstal

oy

A

',,centrlole g1V1ng rise to a- flagellum. The d15ta1 centriole contalns the
'typ1ca1 nine rows of three tubules whereas the prox1mal centrlole :

appears to cons1st of n1ne Tows of f1ve tubules. Eﬁfendlng anterlorly

1

hr/ ';

N

from the dlstal centrlole to Just below the acrosomal reglon JS a strlated

rootlet. The rootlet or1g1nates at the prox1mal surface of the dlstal

"‘centrlole and encompasses the prox1ma1 centrlole as. it pro:ects anterl—'

EN

~vsuggests that it may functlon as an anchorlng and/or stab11121ng deV1ce

fbr the d1stal centrlole and flagellum. In C. pseudbcurata both the

.,,-J

' 11te mater1als of the prox1mal centrlole assume varlous shapes ranglng

[N
V-

'from slender exten51ons protrud1ng from the trlplets to large dumbbell-

. A 5 .
=g - . Ny

PR

v / )
_,orly toward the sperm apex. The structure and locatrpn of the rootlet }’;°

'prox1ma1 and d1sta1 centrloles contaln satelllte proyect10ns. The-satel-'



o . o L1780
2 ]

.shaped spheres‘connected‘to the triplets by thin bridges. The satellite

material'of'the distal centriole xnhich is a continuation from the

prox1ma1 centrlole, is arranged in more of an ordered manner and is

b
X

kY

’

- similar. in conflguratlon to that observed in L clarki and C. Zubrtca.

FZageZZar region. .In L;.fldrki and C. lubrica the tail flagellum

§‘contains the typical 9+2 microtubule'arrang;ment In C. ﬁpsaudocurata a-—

thlrd central tubule exists in the midtail eglon getween and sllghtly

! per1phera1 to the central pa1r thus g1v1ng a 9+3 pattern to the flagel-

lum, ThlS th1rd tubule is normally in dlrect contact w1th the central
/

pa1r but 1s separated by a small space from one or the other in- many
'sectlons. The 9+3 pattern was neVver observed in the basal or tip regions
» '5df the ta11, 1nd1cat1ng that the third.tubule or1g1nate5'and termlnateS\ .-
along the m1dsect10n of the tail. |

’ Great var1at10n is noted throughout the an1ma1 k1ngdom in the :

’

mlcrotubule pattern of the motlle sperm flagellum The arrangement’is

o

a 9+9+& in mayf11es, 9+0 1n Veaovts and Hadurus (scorp1ons) 94942 in

E hthe majorlty of 1nsects and mammals 9+9+1 in mosqulto spec1es, 9+l 1n
many flatworms and Centrortdes (scorplon), and 9+7 in two spec1es of
. .caddis flles (Ph{lllps, 1970, 1974), A 9+3 arrangement has been’ observed
1n a fungus gnat and several spec1es of splders (Ph1111ps, 1970, 1974)

In Pmsaurzna (Splder) the three central tubules or1g1nate at -the centerv_

fx.

o base ‘of the distal centrlole and ‘run throughout the length of the tail
(Reger 1970) The 9+3 pattern of C pseudbcurata dlffers from the
above spec1es in that the add1t10na1 central tubule or1g1nates and -

termlnates in the m1dsect10n of“the‘flagellum.

,
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Correlatton of Sperm Structure with Biology of Propagatzon '

Franzén (1967a, 1970) dnd Afzellus (1972) have dlscussed in length
the relationships ‘that exist between spermatozoan morphology and the
7b101;;y of fertlllzatlon It has.been shown that-the maJorlty of. marine
1nVertebrate species investigated conform to the hypothes1s that modified
sperm structu?e can be correlated to a;modlf;catlon in the process of
prhfégation;,namely, sperm transport from the male to the egg of the
female tpéckaging df‘spefm and movement of sperm.through‘the female
reproductive tractj. ‘An alternative factor that may be considered as a
hfeasible cause for sperm mgaifiCation is egg investments. It is logical
that species with eggs containing complex. and specialized investment
;layérs would tikewise_require’a modifiedvspe?mgtézoon for -penetration
téhd\ultimately.fﬁrtilization. ’ L |
| Fohr main factors? thérefore; cah be cohsidered as possibié causes
for structural hodificationé in<ﬁature sperm: 1) packaging of SPetm for
releasé from the malé and trangport to the'egg (Afzeiius;71972),,2)Vm9§e—‘
ment of sperm through med1a of varled v1sc051t1es (Afzellus 1972), '

3) movement of sperm through the female reproductlve ‘tract (Afzellus

1972), and 4)'adaptat10n to a,partrgular egg_envelope (present study).

Lep%osynapta cZarkz. ’Lt clarki'is-an interhal (ovarian brooder with <
"1pterna1 fertlllzatlon whlch produces a sperm typ1ca1 of theaprlmltlve
type. Dprlng the spawn;ng season, small groups of individuals 11e in |
- close contéct with.their ahtéfior~ends lying in tyiindrical depressibnsv
iih-the.san& Eubstratum:i These sand pochets contain sea water aﬁd cgqla
.éct:aslciOSed reservoirs in which spérmatozoa could-moye;ffom maiés.to |
'femalés (Everingham, 1961}. Thé maﬁner of sperm entiyvihto:the female

2 . ’ ~
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is unknown{'!ﬁveringham (1961) suggests that the sperm might enterjthe
ovarian lumen thrbugh the gonopore and fertilize the eggs or they might

enter into the coelomic cavity through the rectum or small perforations

" in the body .
v ,
Accordin; to Fielrus (1972) several other organisms exhibit

internal fertilization and produce a primitive type sperm: Tealia felina

(sea anemone) , Alcyoniwr (coral), Unio, Anodonta, Sphagrium, Teredqj

(musselsj and Polycarpa (tunicate). Afzelius proﬁbses that in these
speeies,‘therinternal fertilization habit is not extensively different
from that of external fertilization, in that large numbers of sperm are

produced and released into the watex, which are then drawn into the
. , : S

~femgle by an inhalent current. Water currents ére_constantly circulating
throughnthese animals, presenting an dpen $ysbem directly connected with
the external sea weter environmeut. 4in L. elarki tue'iﬁternal fertili~
“zation habit Zs different from that'of external fertiliiation in that
weter gurrents are not coﬁéténtly,circuiated,wthus presenting'a‘clesed‘
system with respect to the surrouhding sea water. Also, in L. elarki,

\‘tjhe spermatozoa must move through the female reproductlve system prlor
e
to fertlllzation whether sperm entry 1s‘thrqugh the gonopore or rectum, -
L cZarkt therefore, is a typ1ca1 1nterna1 fert1112er w1th a female

‘tract that sperm must travel through prlor to fertlllzatlon, which pro-

duces a pr1m1t1ve type spermatozoon typlcal of an external fertlllzer

-~
°

Thus, Franzen S hypothesrs on sperm structure is not adequate to explaln

. sperm structure in thls partlcular species.

x.

v Gucumaria Zubrica. C. Zubrwca is an external ventral surface'
o

' brooder with external fertlllzatlon whlch produces a sperm that dev1&tes

-~ , ) v Ce

LY 4

,F‘:
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from the pr1m1t1ve type in that the nucleus is elongate and the mito-
- e

chondrial- elements are rearranged around. the posterlor region of the

nucleus. lh1s¢spec1es occurs in sw1ft water currents in great abundance

(SQQO/mz) on subtldal rocks. It has been noted in the laboratory that

‘ '

followlng spawn1ng, "the. sperm rema1n together in bundles for an extended
Iength of time before they are suspended.- The elongated sperm head may
reflect a specific adaptation for the conveniénce of packagingjof sperm
bundles. Spermatophore like structures contalnlng elongate spermatozoa_
are formed in many organlsms Ltttorzna (Prosobranch1a) (Buckland NleS
197;) Hadrurus (Scorplon) (Jespersen and Hartw1ck 1973), Octopus

"(Cephalopod) (Franzen 1967b Longo and Anderson, 1970), and Stbolznum

.(Pogonophora) (Franzén, 1973)

Many organisms (such as mammals and gastropods) with internal .

.

,fertlllzat1on produce modified sperm in which the m1tochondr1a1 elements

extend down ‘the sides of the flagellum In C. Zubrtca as well as in some
turbellarlans (Silvelra and Porter 1964), ostracods (Reger and Florendo

1969) and Nemertlnes (Afzellus, 1971) the mltochondrlal elements spread
. )

forward along the nucleus. It is well known that ‘the presence of m1to-
chondrla in sperm is related to the aerob1c metabollsm of the cell The:

ATP formed by ox1dat1ve phosPhorylatlon is transformed 1nto mechanical

energy whlch permits the spermatozoon to move and penetrate the egg

In the pr1m1t1ve sperm, wh1ch are released externally 1nto a low v150051ty
medium and are normally short 11ved “the m1tochondr1al elements are’

concentrated in a short m1dp1ece 1n close assoc1at10n w1th the! centrlolar

- '

-

complex and the axoneme. On the other hand, in. speC1es w1th 1nterna1

.

fert111zatlon where the surroundlng medlum is of a hlgher v1sc051ty and

%g, ‘ -

-

v
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sperm life is longer, the m1dp1ece becomes elongated w1th an .increase

-

. , N\

in the. ratio of ' the volume of thebzzzpchondr1on to the volume of remain-

‘ing regions of the cerlt It has | prop05ed that‘an 1ncrea$e'in*mi¢o-

chondrial mass (Favard and André 1970) is a modlflcatlon whlch has,,

been 1ntroduced to cope with a more viscous ‘medium in which the sperm

must swim to reach and to fertilize the egg.

As Afzelius (1971) has pointed‘out, an elongated shape may be a o
reflection of other factors in the biqlogy of propagation such as the

: | < . '
- - dimension and configuration of. the female reproductive tract. C. lubrica

'fertiiizes:externally; thu5ve1iminating possible mopdifications to deal

with a'specialized female tract. o <l\

~

C lubrica, therefore, is an external fc -.112er that produces a

v

. mod1f1ed sperm. It can be. argued that the elongated head of the sperm o

is a modlflcatlon for packaglng but this does not explain the réarrange-
ment of the m1tochondr1a1 elemeuzs in the m1dp1ece. Slnde the sperm 1s»
modified but fertlllzes externally in a medlum of a low v1sc051ty and

does not travel thrqugh a female reproductlve “tract prlor to fertlllza—_

tlon, it 1s.obv1ous that Franzén's hypothe51s does not adequately apply

.to thlS SPECIeS& -

‘Cucumaria pseudoéurata. C pseudocurata 1s an external ventral

. .

surface brooder W1th external fertlllzatlon whlch prcduces a sperm that ,

deviates greato from the primitive type. Thls spec1es Qccurs'in great
J .

abundance within mussel beds that are attached to 1ntert1da1 rock sur-

faces. Ma551ve byssaI threads attach the muSSels to the substratum and

prov1de addltlonal protectlon for the cucumbers.- T j;L/;//

'jhesm9d1f1ed~spermatozoon of C.-pseud curata has developed many of7
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the adaptations noted in sperm.specialized for internal fertilization:

1) elongate, compressed he&d 2) enlargement and rearrangement of mito-

'chondrlalxelements,.3) strlated structure in m1dp1ece and 4)- addltlonal

fiber 1n<flage11um. "5 o o - .

)

¢ Slnce the presence of a globular pr1m1t1ve type head becomes &

>

11m1t1ng factor as the v1sc051ty of the ‘medium 1ncreases, the 1nternally

fert11121ng sperm head is usually elongated and/or dorso ventrally

V-

flattened wrth a fllamentous, ovate, fa1c1form or en51form shape.
Structural adaptatlons in the motor apparatus ‘to deal w1th this. 1ncreased

‘v150051ty can include -an enlargement of the m1dp1ece, formation of a

-

strlated midpiece structure, and the addltlon of flbers in the flagellum

(gastropods, cepha10pods cyclostomes, h1gher vertebrates)

-

The Tootlet- like structure’ in the C pseudocurata sperm can be.
- compared to the Ccross- strlated elements of the connecting plece in the

. -neck reglon of 1nterna1 fertlllzlng sperm (Fawcett«and Ph1111ps, 1969)

In mammallan 5pec1es, the'strlated columns or;glnate ma1n1y from the
L}

v

polymerlzat1on of fllamentous mater1a1 located in 1nterst1ces in. the

U

"'wall of the d15ta1 centrlole.h Th1s 1nterst1t1a1 acéumulatlon of materlal

"h eyentually results in total dlsruptlon of the d1sta1 centrloie-1n the

“mature sperm (Fawcett 1972) These cross strlated elements become
<Y . :
contlnuous W1th the outer flbers of .the flagellum and: contrnue'anterlorly

past ihe pr6x1mal centrlole,— Morphogene51s of the. crossnstrlated
N

elements in the c. pseudocurata sperm appears “to represent a modif1cat10n

of the proeess observed -in mammals, baseg_pn the fOllOWlng observatlonS":

N

-‘(1) the d1sta1 centrlole 1s 1ntact in the- mature sperm, (2) str1ated <

Velements do ngt appear to be contlnuous W1th flaéellar components,

\-

Ta . ) ' CT T e .t
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(3) thenelements appear t0'originate at the anterior surface rather than

thé sides of the'distal Centriolé and (4) the proxlmal centriole (rather -

'than the dlstal) appears to be more 1nt1mate1y 1nvolved w1th the CTOSS~

»

Astrlated elements., The structure and locatlon of the rootlet in C. o
pseudbcurata suggest that 1t may. functlon as. an anchor1ng and/or‘?tabll-
“121ng dev1ce for the d15ta1 centrlole and flagellum. The presence‘of

str1ated rootlets in cellstwlth non:motile c;lia and ‘on non- c111ated
. \,.
centr1oles 1mp11es thgt d1$51pat10n of” force is not necessarlly therr_

0 . A :

only role (Pltelka 1974)

-

3- -

- C, pseudbcurata broods 1ts young externally between the ventral body

..surface and the substratum, - The sperm are'tlghtly packaged head to tail

LY
fet®

_and released in dense strands of,mucus Slnce embryos as young as the

“two- cell stage have been observed belng brooded externally (Chl&

personalgcommunlcatlon) it 15jpresumed‘that:external;fertlllzatlon occurs.‘
The question that'arises‘is for what reasons have;these;Structura1> ’

| modificationsFEVolvedAin avsbermatozoon'that‘tertillzes externally?. The:
female C. pséudoéurata cOuldﬁpossibleeatrude’unfertiliaed‘eggstlhtobthe_

! - . ) . ¢

sea' transfer them to the vehtrai surface with the uSe of tentacles ahd'

S arrange W1th pod1a 1n superf1c1a1 surface folds.' The brooded’ egg masses

'are extremely stlcky and surrounded by large quantltles of micus (f1e1d

L |
- ’

‘observatrons) 51m11ar to that descr1b 2d. {g; Cucumarza curata (Smlth
'41962) ‘The mucous secretﬂons cover the\e ire body and ev1dent1y a1d

in the attachment .of the eggs.' The male be1ng in close proxlmity to ‘the’

~

'female could spawn packaged sperm whlch would be carr1ed 1nto the mucus
. . . Y -
of the egg mass._ by water currents and fertlllze the eggs externally. :"H77

N

0, e

R .

-~ Structural mod1fm¢ﬁt1ons of the spermatozoon, therefore p0551b1y could_,,"

RS . ..
Yol . . co - -8



be correlated .with the converdience of packaging as well as locomotion
\

through a medium of high v1sc051ty B
\.r; " <0 ’ ""4

- a modified sperm. It can bé argued that the elongatedrhead is a modid

.

' Correlation of Spenn Structure with*Eyg Ihvestﬁints

+by Franzén's h othesis.

ficatlon for packaging The - comp;essed sperm head, striated rootlet

.rearrangemeﬁt and'enlargement of the mitochondrion, and the additional .

ta11 fiber could possibly be explained by sperm movement through th
mucous coat (piesumably of a high viscosity) surrounding the eggsl
Since the actual viscosity of this medium‘is nét known and since the

ventral brood surface is not a closed system w1th respect to the

- ¢
J

suprounding sba water; it must be assumed that this mpdified holothurian

. !
v e, pseudocurata vthereforoj is an external fertilizer that’produces

182

sperm, as with- L. cZarkL and €. Zubrzca cannot be adequately explained ~

LY

/ e >
. ‘ W : -

S A

T The egg investments in L., elarki’ and C Zubrzca resemble each other®

in that both contain a follicular cell 1ayery dense laminate fibrous h
° ! 4 k]

-layer, dense particulate layer and microv1111 of the plasmalemma. They

4

differ in that L. celarki has an outer particulate fibrous layer and an.

- inner lucent particulate layer lying adJacent fo “the plasmpalemma. . The

external surface of the C. pseudocurata-egg‘is structurally dissimilar

'to the otheg two(species in that_the f611icu1ar‘ce11 layer is absent;

. the laminate layer is very extensive and contains no fibrous component

-

' the,dense particulate layer is absent, and microvilli of the plasmalemma

are absent. In fact the outér envefope in this spec1es 1s>a single

- £ . . . . - B 'm.\ *

exten51ve layer. o s
'The physiolbgical significance of these~dissimilarities‘is‘not

n = ~ . e
v

“
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known but it is shown 1n‘these species that three dlfferent sperm shapes
are present as well as three dxfferent.egg envelopes and that sperm
structure (primitive vs. modified) is not correlated with sperm movement
~ from the male to thc egg. It is suggcsted therefore that sperm struc-
ture in the class Holothur01dea and possibly in other an1ma1 groups may
be correlated with the structure of egg 1nvestment layers

The C. pseudocurata spermatozoon undergoes an acrosomal‘reactlon
" upen cont\ t with the egg which does not involve the formation and extén-

sion of 4 typlcal“acrosomal process. The sperm attach ‘to the egg. surface

in a side rather than the typical head-on position. It appears as though

[4

~

the plasma membrane ouerlying the acrosome ruptures allowing a lytic
agent to be released onto the surface- of the oocyte. The dissolution of *
vthe egg investments is especially notlceable around the sperm body hut
is also evident along the ent1re length of :the flagellum.

It is 1ntr1gu1ng that the spermatozoon of C. pseudoeuratd contains .
_an acrosome that structurally conforms to the typ1ca1 echlnoderm (and
most marlne 1nvertebrate) acrosome but functlonally dev1ates to a great-
extent- If in fact, the scanning electron m1croscope observatlons have
revealed the actual events of the acrosomal redct;on in this species,
it will be necessary for the definition of an "1nvertebrate type" acro-
some to be recon51dered. The maJorlty of substructures in the c. pseudo-
curata acrosome can be equated to similar substructures in acrosomes of
many other organisms, especially echinoidshandtasteroids.~ It is_inter-n

esting thattorganelles having very similar configuxations could function

i -t

in such different manners. . ) S |
] . ¥
g . - 3 o s —
” Thes €ggs of most organisms are surrcunded by a varying number of
' S ' :
o /
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'p0551b1y respon51b1e for both 1n1t1a1 spe

e ’

e —

. \—\\ .
Spermatozoa must penetrate‘tﬁése*investments_in order to fertlllze the

egg. - In some species (insects, fish)vthe sperm arc aided in this process
by the presence of a m1cropy1e leadlng dlrectly into the oolemma. ’In‘
other an1Mals it-is ‘ngcessary for the sperm to e1ther mechanlcally
(echinoids) -or cheg}cally (annellds, hemlchordates mammals) penetrate

these surrounding layers; Whichever is the case, the spermatozoa are

.equipp%d for the event of penetration with the presence of a specialized

-

. acrosomal region, which is usually at the anterior tip. The advéncing

sperm’ be51des dealing with a penetratlon barrier. must also’ deal with a

-

species-recognition barrrer It is theorlzed that spec1es recognltlon

s.(at least in echinoids) is handled by the acrosomal reglon at. the t1p of

the sperm. Aketa (1973) has postulated that a species-specific component

‘to a sperm ~binding proteln of the. egg surface. These tw0~molecu1es are

A
ies recognltlon and bondlng of

gametes. Summers and Hylander (1974) ¢ ’?espondingly suggest~that such

_spec1f1c sperm: molecules are contained w1th1n the acrosomal granule and".
are made avalfable to the egg surface fOllQWlng the acrosomal reactlon

- and. that these molecules form a structural ‘bond w1th the v1te111ne

v -

envelope prlor to membrane fu51on.

Since present observatlons 1nd1cate that no acrosomal process is

. formed in C pseudocurata species recognition by the egg.surfaCe must

be medlated through athher structural reglon on the sperm Concelvably,

the egg- b1nd1ng molecule is locallzed in the acrosomal region and is

_,dlscharged over the entlre surface of the sperm at the time ‘of sperm egg

184

“Tinvestment layers which differ considerably in thickness and composition.-

“is present on the apical end of the echinOid sperm which is complementaryi
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_coﬁtact. If'thisjis the casé, then theloniire spefm.surface rather than
just the apical tip is, responsible for species recognition.‘ The mode

of initial membraﬁe contact_aﬁd‘oubsequent fu;ionvis"at the preseént
unknown, | | | |

Modern blOlOngtS sometimes adopt a lofty attitude towards.
morphologists, making unfavorable comparisons between their
work and that of biochemists and blophy51c1sts I hope ‘that
this Aarticle will help to dlspose of the idea that morphology
is a dull subject. It is as exciting toéay as in the seven-
teenth century, when Leeuwenhoek was studying the morphology
of his’ spermatic anlmalcules (Rothschlld 1956).

/

\
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.TECHNIQUE'FOR PROCESSING SPERMATOZQA FOR

"SCANNING ELECTRON MICROSCOPY

IntroductionA o A‘ o L .

o : -
. i .
’

Scanning electroﬁ microscopy has recently been'sﬁOWn‘tovbe ipetru;
menpal in the field of sperﬁatologp iﬁ'determining‘basic-ceflular,fofm :
and Ehape of surface etructures (Brown .and Humphreys,.1971; Lung and
Eahr;-1972; Baccetti and Burrini, 1973; Buckiand—Nicks' 1973; Atwood
and Chia, 1974) A technical problem arises 1n those marlné inverte-
brete species‘that produce sperm- packaged 1n_dense strands of mucus,
This mucous covering obscureslsp}faée‘details and enhanoee‘clumpipg'J
-whed specimeﬁs are processed by ::Lal SEM metﬁode "AdditionEI.probiemei_
encountered when proce551ng spermatozoa w1th prev1ous technlques are
tail breakage (due to mechanlcal damage 1ncurred durlng proce551ng and
a;r'drylng technlques) dlstortlon of surface detalls (due to air and
freeze dyying technlques), -cellular compre551on (due to air drylng
technlques) and loss of sperm (due to proce551ng) _Thls paper 1ntro-:
duces a technique for.the removal of surface contaminatior | It also

~

~ describes a method which fac111tates the proce551ng of sperm for SEM,

. ) “"
© .%educ1ng mechan1ca1 damage and a110w1ng the materlal to be dr1ed by ‘the
critical point method /.
'Materia1s’and;Methods . >

Mature males of Orthaeterias koehleri (Eehinddefmata° Asteroidea) o

3

and Lwttortna sztkana (Mollusca Gastropoda) were collected in June, - .

1974 at Frlday Harbor Laboratorles Washlggton;. Sperm'samples were-

~
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dbtained edthér by'injectionéofiz ml of l-methy1 adenine or'by dissec-

tion of the gonads. \Dry sperm samples were p;petted dlrectly 1nto the '

follow1ng solutions at 10°C for 1 tQ 2 hr in quantltles sufflcient to

(A) Natural sea whter : NP .

!

(B) ,Naturalosea water contalnlng 1500 NF unlts/ml of OV1ne '

hyaluronidase (Sigma Chemical Co. )

I

«©) - M1111pored naturaltsea water conta1n1ng hyaluronldase(above)

_(shown to depolymerlze proteln-polysaccharldes) ;.

Matemlal was then processed in the fOllOWlng manner*

(1)  Ten m1 allquots were pipetted into 12 m1 conical centrlfuge

' tubes and centrlfuged for 3 to 4 min at full speéd Ain a

- .. : ..‘.
(2) Supernatants were removed aﬂd Sperm samples (1n the form

clinical centrlfuge. )

of small pellets) gently Te- -suspended in a 10 ml wash of

: R
m1111pored sea. water for S min, Samp1e54were washed. two . :
additional times. in this manner. o L
. : (3) --Sperm were fixed'(in_ceﬁtrifuge,tdbes) for 15 min at room

' temperature in a.é;g%’glotareldehyde solution buffered to
pH 7.6 with 0.34 M sodlum chloride and 0.4 M Mllldnlg s
‘phosphate buffer. o 7_,‘”. S -

(4)"The sperm were pelleted by centrlfugatlon, washed in 2 5%
sodium bicarbonate buffer, (pH.7. 4, re—pelleted and p1petted B
.1nto 4eflon."Flo-Thru Speclmeﬂ Capsules" Sargent-Welch '
Sc1ent1f1c Co J containing Nuclepore membranes 25 mm in

..
diameter with.-a 1.0 n pore size (Sargént -Welch" Sc1ent1f1c -

S e e { L ~ff\

- Co.).



Coe - N "

'(SJ Spec1mens were- post4frxed in 2% osmium tetrox1de in.2.5%
sodlum bicarbonate buffer for 15 m1n~at room temperature ' q‘,

dehydrated in- ascendlng concentratlons of ethanol and J

s

. passed through ascending concentrations of amyl acetate

’ . s

to 100%. : - -
~ (6)\ After cr}tlcal p01nt drylng w1th carbon d10x1de the capsules

'were Opened and samples on Nuclepore f11ters from each

_ capsule Were - mounted on stubs for examlnatlon ‘Sperm'were o,

also shaken onto stubs covered w1th double 31ded tape.

'The material was then coated With carbon then gold to a

.total thlckness of 7.5 to 12 TS nm and exam1ned with a

Cambr1dge Stereo Scan Sk4 scannlng electron mlcroscope.

-

Observations - .

Freshly spawned,sperm of Orthasterzas and thtortna are. héav;ly

coated w1th a mucous layer which greatly enhances clumplng and completely
obscures surface detalls (Flgs 1 and 9. In1t1a1 washlng with hyaluron~
_1dase in. natural sea water (1500 NF unlts/ml) reduces clumplng and sur--
face contamlnatlon thls however, leaves behlnd small contamlnatlng

spherules (O 2'to 1.8 ) adhered to the spec1mens and Nuclepore mem::

o

brane (Flg 2) Superb results were obtained when ‘Sperm were 1n1t1a11y

washed w1th 1500 NE unlts/ml hyaluron1dase in m1111pored sea water The

capsules wh1ch .are. res1stant to proce551ng chemlcals allow the sperm
to be transferred through the rema1n1ng solutlons w1thout fear of exces—

51ve mechan1cal damage and 51mp11fy the process of cr1t1ca1 p01nt drylng

).

The Nuclepora membranes allow eff1C1ent chem1ca1 flltratlon and ensure

’
-



A

. . h )
against loss of'materials. .oe T L o
. 4 - . ' L .
permatozoa processed w1th this technlque are not excesslvely 2

'_clumped (Flg 3) .and appear amazlngly clean (F1g5.74 5, 6 7, 8 and 10)‘

Sperm -are well preserved and allow?three d1men51ona1 observatlons of
*
maJor surface structureé (F1g 4). " The most acceptable Sperm were the
ones- adherrng to, the membranes rather than those occur11ng free w1th1n
the bags. The main reglons of the Orthastertas sperm acrosomal.
(Flgs.VS‘and 6), nuclear (Frgs. 5 6 and 7), m1tochondr1a1 (Figs. 5, 6 -
and 7), centrlolar satelllte complex (Flgs 7 and 8) and flagellar
(Flgs. 5, 6,.7 and '8) are ea511y dlstlngulshable. o o
Substructure of the centrldlar sateillte comple; (Summers 1972
Atwood, 1974 Atwood £5H Chia, 1974 Fontaine and Lambert unpubllshed
manuSCrlpt) is" for the flrst time shown from a surface view (Flg. 7)

. %0

The prlmary and secondary satelllte pro;ectlons as. well as the 1nner

o

r1ng of dense thlckenlngs and outer marg1na1 r1ng are qu1te ev1dent 1n

)

FlgB" T

T e
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.~ PLATE 1 ©,

- Figurc 1. SEM micrograph of'clumped Orthasterias spermatozoa.
: S [

Natugalvsea water control, X 4,500,

Figure 2. SEM micrograph of Orthasterias sperwﬁlbzoa. Initialywash\

in 1500 NF units/ml hyaluronidase in’natufal sea water, X §,500.

Flgure 3. Mlcrograph of Orthastermas sperm In1t1a1 wash &n 1500

NF unlts/mr hyaluronldase in m1111pored sea, water, secondary’ wash

in m1111pored sea water fixed in glutaraldehyde r1nsed with -
sod1um blcarbonate buffer,. pipetted 1nto specimen capsules and

“'post fixed 1n osmlum tetroxide in sod1um blcarbonate buffer,

-

X 3,900,

«
-
e

Figure 4, Micrograph of an Orthasterias spermatozoon. Same procedure

as in figure 3, X 7,000." . S ,

~ .






-PLATE 2

Figure'$—¢8} Orthastérias,spermatozda._‘§a@g prdcedure as in.
;figere 3.

Acrosomal region .

Centriolar satelllte complex,
Flagellum ,

Inner satellite ring
Mitochondrial region

Nuclear region

Outer satellite ring .
Primary satellite pro;ectlons.
Seconﬂary satellite pro;ectlons/

-

v w

- -

-

NMTOZI~mO »

-

Figures 5 and 6, X 35 ,000; flgure 7 X 39 000 flgure noXo

70,000,






PLATE 3

Figure 9. SEM micrograph of clumped Littorina spérmatozoa. :
Natural sea water control, X 5,000. Inset, X 21,000

(courtespfc Dr. J. Buckla’rid-NickQ.’"

Figure 10. ' SEM miérbgraph of Littorina sperm'atozvo_a‘. Same

Procedure as in filure 3, X 3,000. -Inset, X 14,000.-

‘






