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CHAPTER I

INTRODUCTION

1.1 Gensyxal Introduction

Rotifers constitute an inmteresting growp of
organigns, Yot they have attrected conparxutively less
attention of biologists. In recent years significant
attozpts nave been made inarder to study certain
phencesna typical to the group namsly, cyclomorphosis,
sexual mods of reproduction, and constancy of nuclsar
number in the adults. Owing to these peculiarities the
rotifers could be important !Biological tools! for
investigations in the field of developmental biology.
Indeed, couputer ardented studies of the pattern of
growth and symmetry are in progreas in the laboratoxdes
of compstent workers (lsvinthol, 1971). It should be
important at this stage to be abls to describs certain
aspects of the blology of this group.
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Kotifers norwmally reproduce parthenogenetically
although sexual reproduction interverss in the life cycle for
short pericds. The transition between asexual and sexual
reproduction is controllsd by the envirormant. Laboratory studies
with the genus Asplanchna have shown that it is possible to
identify specific molecules as inducers, which act on subryos
in utero to mudify their development and determine the sexuality
of ths progenies.

The present study is an attexpt to analyse the
developmantal phases and the nature of influance of the inducer
molecules, on the developing embryos in the transition of asemual
and sexual reproductive cycles in Asplanchna brightwelli sensu
latissimo de Beauchamp, 1951.

Rotifers were first described by Leuwenhoek (Dobel,1360).
Brightwell (1848 a, b) described Asplancina brightwelli and
gave relevent explanation an the structure of the males of thasse
rotifers. The earlier studies (Linnasus, 1758; Muller 1786;
Cuvier, 1798; Lamarck, 1801; Dutrochet, 1812,1813 etc, cited by
Hyman 1951) were mainly concermed with the jdentification and
listing of these under certain phyla, Ehermberg (1838) separated
these animals under the rams Rotatoria, although the name

Rotifera given by Dutrochet (1812) was already in common use.

Most of the later accounts on rotifers deal with the
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myphological descrdiptions and in a few cases on the cyclomorphwsis.
The widely adopted taxonomic publication of ludecn & Goose (1886-

16689) was followed by leading workezs in this field especially
Beauchamp (1308), Wesenberg-lund (1922-1927) and Harring € lysrs
(1922.1928) and several others. Edmondson (1963) mads unique
cantribution by giving a chart of claseification of rotifers up
to the gansric level. As e result of cyclomorphosis detectadbls
vaiations often tend to confuse attenpts for identifioation. A
recant report of Sudzuki (1964) on the systematics of Japansse
rotifers has been suwjected to criticism (Gilbert, 1868). Scme
of the earlier works in the present worker's laboratory have
dealt with the cyclamrphosis of certain rotifers and their
taxancuic evaluation (Nayar, 1965, a,b,c, 1966-1868).

Cyclomorphosis in rotifers has been studied intansively
for many years and has besn reviewed by Wesenberg-Lund (1330)

and Buchner et al (1957). But the causes and the significance
of the phenomencn in nature are still subjects of disputs. Recently
this subject has been extensively reviewed by lutchinson (1967).

frong rotifers, cyolomorphosis is pronouncsd anly in
certain genera like Asplanchna, Erachionus and Keratella.
Beaucherp (1951) reported Asplanchna as a difficult and variable
gonus. Systematice of the genus Asplanchna ave still not well defined,
The proncunced cyclomorphic sffects in these organisms have resultsd
in the addition of wany speciea under this gerus. Edmondson (1963)
has given an account of seven spscies following the catalogus of
Wisxniewski (1954), lsaving apart two speciss A. asphore and
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A. ebbesborni as the polymorphic forms of A. sieboldi. The species
differentiation charecteristics within this genus were mainly based

on ths hump morphology (Rousselst, 130l1) or on the number of nuclei in the
gastric glandand the vitellarium (Sudzuki, 1964) or on the nature

of the tooth in the inner margin of the scapus of the mastax (Daday,
1888). Powers (1912), Mitchell (1913 a ; b) and Mitchell & Powers

(191%) found that the saccate A. brightwelli hatched from the resting
egge gave rise to large umped and companulate forwms when dietary

changes were made. Thus, the husp formation (Powers, 1912; Birky,1964)

and the changes in the nuclear number of the vitellarfum and the
gastric glands (birky § Field, 1966) have bean experimentally proved
to be the effects manifest in polymorphism owing to dietary change
of the organism. Similarly, the tooth formation in the scapus is
also reported to be the effect of polymorphism in Asplanchna,

hHence Gilbert (1968) has also included A. Intermedia tentatively
under the species A. brightwelli, Although de Beauchamp (1951) has
erectad a supra cpecies A. brightwelll sensu latissimo comprising

A. sisboldi, A, ebbesbomi, A. amphora, A.leydigl, and A. intermedia,

further studies are required to determine the exact gtatus of these
apecics,

DWMMmuz, cyclomorphosis was reported
to be affacting the spine length. lauterborn (1901, 1904) Kratschmar,
(1908) and Hartman (1920) found that terminal spine in Keratella
cochlearis and K.aculeata grew shorter in sucoessive generations
from winter to sumer, and later disappeared. Experiments conducted
by Kratscmar (1913), Xolisko (1938) and Ruttner-Kolisko (1946,

15%8) on Keratella quadrata and XK. volga have shown that the spine

length reduced rupidly in successive generations on transferring
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the arganisms to laboretory cultures. No conclusion could be drewn
from their cbasrvations as to how thw changes were effected.

In Brachionus, Gilbert (1966, 1967) and Gilbert & Waage
(1967) reported the effect of ‘'asplanchna substance' inducing the
formation of postero-lataral spine in the laboratory cultures and
in the natural envirommnts, Gilbert (1866) considered it as a

predater-prey relationship between Asplanchno. and Erechionus.

Anatonical studies of rotifers were started by Zelinka
(1891) and followed up by a serdes of workers, in Epiphanes

(Hydatina) (Beauchamp, 1807 , 1909; Hurray, 1910; Martini, 1912);

in Asplanchna (Tannreuther, 1919, 1920: Nachtway 1925): in
Brachionus (Stoszberg, 1932); in Pedalia (Remfias, 1832); etc.

A widely acoepted account of embryology has been given by
Nachtway, (1925) on A. priodonta. Later de Beauchamp (1956) described
the development of Plossama and Pray (1865) that of Monostyla.

A recant report on the exparimsntal studies on the embryology of
A. girodi is that of Lachner (1S66).

Rotifere show the phencwanon of eutely, where each
crgan shows & constant and species-specific number of muclei.

Martini (1912) reported the muclear mumber in Hydatina senta to
rengs fyom 900-1000 with each organ having a constant mumber of

melei. On the contrery Stwll (1918) recordsd inconstancy of
niclei in the same organism, However, later reports of Tannreuther
(1919, 1920), Nachtway (1928) and Hyman (1951) stated that
mitosis ceases half-way during the developmant and father
carientation of the cell leads to an adult with constant number




of nuclei in each organ. But studies of Birky § Field (1366) have
proved the variation in the nuclear mumber of certain crgans
(vitellarium and gastric glands) of Asplanchna. Birky & Power

(1968) have shown the nuclear mumber of othar organs, including

that of the body wall, to be constant in their position and

nunber, This view is supported by the cbservations of Levinthol (1971,
personal commnication) in A. siseboldi, in which the brain is found
to have 182 nuclei, Hence, it is presumed that the nuclesr nurber

in rotifers remains constant in each organ with the exception of
vitellariur and gastric glands.

Rotifers are exclusively dloscious and exhibit marked
sexual dizorphism (Hyman, 1951). Males were firet reported by
Brightwell (1848 a) in Asplanchna. Males in rotifer arder
seisonscea have the sams grade of organiszation as females and
are abundant at all times (Remane, 1929).Bdelloids are dewvoid of
males. Pronunoced sexual dimorphism is reported in Ploima.
Wesenberg-land (1920-'23) has explained ths male structure and
arganization in retifers like Epiphsnes, Collotheca, and
Ehinoglena. Rousselet (1897) has referred the males of Asplanchna
as “peranbulatory bags of spermatozoa'. Whitney (1917, 1918,
1919), Shull (1913) and Shull § Ladoff (1916) have worked on
crgans of the males and their development in Hydatina senta,
Kehn (1921) Tauson (1827) and Mitchell (1913) in Asplanchna and
Solberg & Bougherty (1959) in Brechionus. The structure of the
sperm and its development was studied by Tauson (1927) in detail
in Asplanchna. Latest study is that of Kosh:ler (1965) on




spexmatozoa of A. sieboldi.

The gensral structure of the rotifers has been given by
Lange (1913), Remane (1929), Hyman (1951), Birky (1967b), and
others. The life cycle of a rotifer was firet worked out by Cohn
(1856) in Hrechionus urcsolaris, and later by Maupas (1890a,b,
1891) in Hydatina senta. Observation of the mictic and amictic
females, which differ markedly in reproductive paramsters, was
reported by Miller (1981) and de Beauchamp (1935). Birky (1964,
'65, '67a) made a thorough study of the physiology and life cycle

e ——————— = e e S i —

cyclas in detall, Hs has supported the views of earlier workers
(van Enlanger & Lauterborn, 1897, Tauson,192%; Starch, 1923,

1924 ete,) that the amictic maturetion division releases cne polar
body and forms diploid female progeny, while the mictic generetion
produces two polar bodies and form haploid male progeny. But

the reports on the chromosome studies, carried out so far, are
howaver, confusing. Whitney (1924, 1929) reported 26 haploid
chromosomes inﬂ. intermedia, while Tauson (182§ , 1927b) claimed
& haploid mmber of 12 chromosomes in the same species. Koechler
(1965) made detailed study of the types of spermatozoa in

A. sieboldi, but he did not mention the chromoscome humber, &xcspt
stating that the absolute chromosoms munber has not been determined
with acourecy. Early literature suggests an interesting ccoplication

that males are apparently hsploid crganiems whereas females a&re
diploid. Hence, the haploidy in males remains inconclusive.

Later studies on the life oycle of rotifers have shown
that the miotic femals production was caused dus to the effect



of certain environmantal factors. The genera Asplanchna and .
Breachionus have bean used extensively in studies on the environ-
mantal control of mictic female production. These studiss have
besn reviewsd by Gilbert (1963, 1968) ¥ Pourriot (1965).

The major influsncing factors are reported to be
starvation (Naussbaum, 1897; Mitchell, 1913b), changes in cultwre
medium (Shull, 1931, 1912, 1915, 1916, 1918,1925; Kahn, 1921);
teperature (Maupas, 1691; Moxo, 1918); pH (Tauson, 1925 ,1926,
1927a,b; Luntz, 1929); photoperiodism (Laderwan § Guttman, 1963);
dletary change (Whitney, 1916, 1829) {population deneity (Wesenberg-
Lund, 1930; Hertsl, 19%2; and Gilbert, 1963). However, Tannreuther
(1919) and Whitney (1929) reported that the dietary inclusion of
Cnlamydononas resulted in the production of mictic progeny in
A. axphore. Buchner § Kirchle (1965) and Kirchle § Buchner (1966)
repeated the expariment by adding Chlarella or Euglena to the
cultures of paremscia fed A. sisboldi and concluded with successful
results in nmictic production, Gilbert (1967) extracted certain
plant lipids from spinach leaves and found them t0 have profound
influsnce on the reproductive cycle of Asplanchna. Gllbert &
Thompaon (1968) isolated and identified the plant lipid content
a5 alpha tocopharol (Vitamin L) which acted as the inducing
factor for the mictic female production in Asplanchna.

Recent yeports of Birky and his co-workers (Birky, 1368,
1969; Birky § Fower, 1969), based on their studies on polymorphism
in rotifers indicats that the effects of tocophercls are not
oonfined to tha changes in the reproductive oycle alone, but that
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they also induce certain polymcrphic characters like the bodywall
outgrowth (BWO) in Asplanchna. The mechanism by which tocophercl
induces the mictic production in Asplanchna, however, is not
undars tood.

The function of vitamin L compounds in invertebratss is
very poorly known. Viehosver, et. al. (1938, 1939) reportsd
that vit. L enhancas vigour and fecundity in cladoceren Daphnia
wagn, Further, vit. E is suspected to stimulate egg-sac
farmation (Jakobi, 1957) in copepodes, and spermatogenstic activity
in cricket Acheta (Meikla, et. al., 1965). Asplancima is the first
reported organism in which vit. E has bean found to initiate either
a transition from parthenogenstic to sexual reproduction or a
marked changs: in body morphology (Gilbert$ Thoampason, 1968).
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CHAPTER 1II

MATERIALS AND METHODS

2,1 Test Organism

Two monogonont rotifers, namsly Asplanchna brightwelli
(Fig. I.1) sensu latissimo and Asplanchna sieboldi (Fig.xt}.3)
were used in the present study. A, brightwelli was used for the
study of embryogenesis and sexual trensformation and A. sieboldi
for comparison of the cbservatioms on A. brightwelli with the
variations known in the BWO response of A. seiboldi (Birky, 1968).

A. brightwelli was collected from a temporary pond in
Pilani (Rajasthan) and ths cultures were maintained in the

laboratory throughout the work (1968-13972). On two occasions, the
stock cultures were lost; due to water contamination in June,

1969 and due to tempereture rise in the BOD incubator in January,
1971. Both the times freah cultures were daveloped from resting
eggs stored in Peacs solution at 4°C, For all experimental purposes
the laboretory bred anizals were used, Spescimens of A, seiboldi
were cbtained from Dartmouth College, Hanover, U.S.A., through

the oourtesy of Dr. John J, Gilbart and the cultures were
maintained in the same mawwer as for A. brightwelli (Table 2.1).
Both the species were identified by Dr. Gilbert.




2.2 CQulture methods

Rotifer cultures have been maintainad in laboratories,
by different investigators, employing different rearing methods
(Nathan § Landerman, 1959; Dougherty 1963; Birky 1964; Lansing 1964;
Gilbert 1967, 1968). All the species of Asplanchna except
A, priodonta have been succsssfully xeared in the laboratory by
certain workers. In the present work a few of these known rearing
methods have been employed with modificaticns wherever needed to
suit local conditions, in cxrder to maintain laboratory cultures
(Tabls 2.2, Graph 2.1),

,--..Tabh 2.1 ———— e——— — ) —— N B — A —
Species Place of @~ o ., Typs of Date of collec-

Llection specimen  tion

. Asplanchns Lrigh®  pilani,  Temporary Femals 23.8,1968

India pond
sensu lattissimo
de Beauchamp, 1951

ii.Asplanchna Dartzouth Lab.,cul- Females § 3.4.1970

sieboldi College, ture, resting

Hanovex Deptt.of eggs
laydig,1o54 U.S.A. = Biol.

Sciences

Table 2.1 Source of stocks of Asplanchna
in the presant investigation.



No, of Ave.size  Average

Anmictic adult (36 hrs)
Culture medium Female female offspring Remarks
mothers in M females
1l.Artificial pond
wvater
(Lansing, 1964) 10 600-850 5.3
2,.Baked lettuce
(Birky, 1364) 12 800-1000 6.33
3.Gilbert's madia
(GM)(Gilbert,
1967, '68) g 800-1200 7.33
4.Gilbert media 18 Hay Infusion in
(@) with Hay
Infusion 10 800-1000 7.6 Gilbert's media
§.Gilbert's media 18 Gluccae(Analar)
with Glucose 8 800-150- 6.78 Gilbert's media
6.Malted Horlicks 0.05 gm Horlicks®
in Hay Infusion 10 $00-800 8.4 in 98 ml distilled

water § 2 ml of
Hay Infusion

Table 2.2 Fecundity of Asplanchna brightwelli
in different media.

* Hindustan milk food manufacturers, India,
Horlicks Ltd., Slough, England

Cultures were maintained in glass cavity blocks(10 ml capacity),
sach containing 5 ml culture medium and 15-25 organisms. The ril of the
media was maintained at 7.5. The stock cultures were daily fed with
Paremaciun aurelia propagated on paddy extrect (prepared with 50 gms.
of dried straw of Orysa sativa in one liter of boiled water, adjusted
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to pli 6.5 with calcium carbonate), containing Asrobacter asrogenss.
Care was taken to keep the cultures free of contamination from
other crganiams, especially bacteria and other protoxoans. For
fesding, a paramecium concentrate was prepared by fliltering the
paremscium culture through a nylen fabric (S p) followed by
oantrifuging. The sediment sc cbtained was washed in the rotifer
culture media &nd recovered by ancther centrifugation. The settled
=mss of paramecia was directly twansferred to the culture in the
cavity blocks. Hay infusion method was found suitable for the
maintenancs of healthy paremecia cultures over & period of eight to
nine weeks. The baked lettuce method of Sonmeborn (1950) and Birky
(196%) was also tried and found effective.

For the culture of Asplanchna,Gilbert's madium (GM)
slightly modified with addition of glucose was used in experimsnts on
the succinic dehydrogenase activity in Asplanchna (Gopinath § Datta
Gupta, 1871a). The crganisums showsd 10-25% increase in size in this
mecdivn, In malted horlicks, with hay infusion medium, the organisms
showed an increased (12-15%) reproductive rate. Asplanchna has also
bean found to smrvive successfully even in salt solutions (Hopkins
& Peace, 1937; Dryl, 1959; and Gilbert, 1963), although artificial
pond water (Lansing, 1954) was found less suitable. It is clear from
these cbservations that the composition of the culture media has a
significant influence on the growth and reproductive rate of Asplanchna,
even though the organism can grow in varded culture media.

Care was taken to maintain healthy cultures of Asplanchna
by avoiding starvation as well as accumulation of paremscia in the
mlhmbl@u.&msofmmmﬂwmmmmfomd
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o cause an inhibitory effect on the growth of the organiem. iience,
the concentration of paramacia in the rotifer madium was maintained
mmsperml,andﬂnfeedingmdominemy 24 hours.,

2.3 Fixation

Asplanchna being a very delicate and illoricate organism
with a saccular structure hitherto employed methods for fimation
(vide infra) were found unsuitable. birky (1967) has suggested the
exposure of Asplanchna to 0.1% Novocaine for about 15 minutes before
fixation. Later he (1969) recommnded 0.01% Osmic acid for fixation
and 70% ethanol for dehydration incrder to get well expanded specimens.
Sudden dehydration is known to result in cemotic imbalance causing
displacement of internal organellss, breakage of muscle styands and
nves, and distortion of cellular structures. This procedure,
however, is useful as a general method for the gross anatomical studies,
although csllular clarity and orientaticn pattern appear to be disturbed
and distorted,

A series of experiments, as given in table 2.3,wexe
conducted to find guitable technics for relaxation of the organism
and its fixation,
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Canc, % well
Fixatives Used Tenp.*C thie Fived Remarks
l.,Acetone (BOH) Con. Room temp. 10 min, 98% Nuclei clsar:
28 Not used for
histochemical
analysis
2.Bouins fluid 5% 60 1 hr. 76-80% Good results
AqUBCS with cytochemical
studies
3, Formalin Counmer- 5% 60 6 hrs, 280-85% Imparts yellow
cial (BDH) color to the
crganism
4.Formalin leu-
tral (BDH) 5% 60 6 hrs. 80-85% Specimans become
transparent and
clear
5.0smic acid 0.018 28 8 min, 40-50% Requives 70%
alcohol treat-
mant 0 relax
the spescimens
6.Procain hydro- PHC cizad
chlorida and 5% 5 min. e
28 70-808 and fixedin
Formalin 5% 6 hrs, foraal 1

Table 2.3 Effects of oertain fixatives used

for Asplanchna

Fixation procsdures

Acstone: Organisms were collscted in a cavity block containing a
small quantity of water to which equal volume of acetone
(BIH) was added, Fixation was immediate and organisms
retained their original extended shape with utmost
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transparency. After 5-10 minutes fixation, the nuclei in
the various organs of the animal appeared as yellowish
spots under the stergnicroscope. however, acetone fixation
interferes with histochemical studies, as it dissolves most
of the cellular inclusions.

Formaiin (5% at 60°C)

This is a modification of Edmondson'’s (1963) hot water
method adapted with an ordinary fixation procedure and has
the added advantage of relaxing and fixing the organisms
at one stretch. Animals were collected in a little wlume
of water to which identical wlume of 5% neutrel formalin,
heated to 60°C, was addad and kept covered with glass plats
until the admixture cooled dawn to room temperature. This
method yielded about 80-86% well-fixed organiems in normal
stretched condition, Adpous Bouin's, and Carnoys showed
good results with the above procedure, especially for those
materials vhich were sectioned for cytological studies.

Organisms were taken in a littls amount of water and an
equal amount of 5% aqecus golution of PHC (Metxropolitan
Drugs) was added. FHC was found to effect the muscular
contraction of the animals and in about 5 minutes time
the rotifers settled down in an extended conditicn
showing movement of the clliaxy circlet of corona only,
AMdition of fixative (Formalin, Bouin's, or Carnoy's) at
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this stage fixad and killed the organiems in their natural
shape and structure.

Subsequently organiszs were preserved in 6% formalin or
70% ethencl.,

2,4 Embedding and Sectioning

Rotifers, being minute delicate organisws, have created
spacial problems in esbedding and sectioning. The conventicnal
paraffin embedding mathod caused appreciable distortion even at
low concentretions of the processing chemicals., Various methods
recoomikied for the embadding of rotifers axe parlolidion
ebedding for sectioning of Asplanchna (Whitnay, 1929),
msthacrylate embedding (Birky, 1967); Goubla azbedding method with
butyl msthacrylate and paraffin for sectioning Philodina (Medow,
1965) and epon embadding method for electyon microscopy of
Alsplanchna (Laft, 1961), For maximum cytological stability of
delicate organisms Davenpcrt (1971, personal comuunication)
suggested primary infiltryetion of the material with 5% celloidin
&nd subsequent precipitation of the cellaidin with chloroform
folloved by the pareffin processing as usual. But the application
of this method was found to interfere with cytoiugical cbservations.
During the present investigations, two embedding technice have
besn found to be particularly convenient. They are as under:

i Pareffin smbedding ueing watexwax (carbopiax|
polysthylens glycol) as an intermediary matrix
(Gopinath & Datta Gupta, 1971b) and
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ii Gelatin smbedding for freeza microtomy (based on
Baker, 1944),

Paraffin embedding using watsrwax as
an intermediary matrlx™ =~ =~ 0

Fixed specimens were washed well and transfexred to a
cavity slide with a little amount of water, sufficient to irmerse
them, Flakes of carbowax 4000 (polyetiwlens glycol - E.Merck)
were adied in amall amounts at short intervals until the mediun was
brought to a satwation in 4-6 hours at roocm tempsrature. The
materials were retained in the saturated soluticn of waterwax for
ons hour. ‘inis mode of infiltration was found conwenient as it
inwlved no transfer of animals and thus could avoid the damage
of the material. Ihe waterwax infiltratud saterials were then
dehydreted using ethanol (75§ to absoiuts), over a periocd of 2
hours. ihe specimens were tnen trensferred to a mixture of absolute
aloohol and wethyl benosoate (1:1) for 5 minutes and then clesared
in pure mathyl benzoate for 10 minutes. Carbowax was removed
conplately Ly two or three changes in benzene. This was followed
by the banzene-pareffin, melted pareffin sequence inwolving an
infumﬂmﬁnofstosm.mblodmmmpu-din
the usual way and sections ocut with an ordinary rotary microtoxs.

Galatine uﬂndd:lng method

Reagents : Gelatin 20%

20 gns of gelatine (Gold noxwal Pulver, Riedel) were
dissolved in hot distilled water (60°C); filtered through Whatman No.l
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while hot and stored in refrigerator. A saall amount of thymol was
added to protact it from bacterial and fungal growth.

Formal calcium: Formaldehyde 40 200 ml
(Bakers, 1846} (BDI)

Distilled water 500 ml

Calcium chloride 108 100 ml

made wpto one liter with water;
a fow marble chips were added for
neutraliszation.

Procedurs

Fixed specimens (vide supra) were washed well in rumning
tap water, until the fixatives were removed. A small bhlock of
g8latin, cut with a dissection knife, was allowed to liquify in
a watch glass to which the specimens were transferred. Infiltration
was carried out for 2% hours at 37°C, A pin puncture on the body
wall of the orcanism enabled quick and batter infiltration.
Embodding was done in another portion of gelatine and the material
was placed in a refrigerator for solidification. The solidified
material was out into blocks and hardensed in cold formol-calelum
(L7C) for 36 hours. The blocks were trimmed and sections were cut
on a freesing mlerotome (E.leitz Wetzlar, with 00, supply) . The
sections (3-5 u thick) were floated in distilled water for mounting
and cbsexvation; or stored in 5% farmol-oalcium, Wet . aounts were
made in glyosrine or glycsrine jelly.
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wet mounts of the organisms were prepared using 10§
glycerine and following the mounting methods of Myers (1936),
They were then dshydrated in a desiccator. For the cbservations
of the mastax, specimens were treated with XOH according to the
method described by Mysrs (1337).

Wet preparations were sealed with the adheaive
'Gestetner' stencil corvecting fluid. Dry mounts were made using
canada balsam or Euparol as the mounting medium,

2.5 Autoradiogrephic method

Obsexvations on the nucleic acid and protein synthescs

in the embryonic developmental stages of Asplanchna, and the
incorporation of the tocophercols in their sexual trensformation
were made employing H® labelled compounds listed in Table 2.4,

In vivo labelling of Nucleic acid and Protein

In vivo labelling of the adult Asplanchna and in utero
labelling of the ezbryos were done by exposing the adult organiams to
tritiated lysine, thymidine and uridine in Dryl's (1959) or Gilbert's
(1963) solution for 1 to 6 hours, kesping the finel concentration of

the isotopes approvdmately 100 MC/ml in the medium,



labelled Cods No. §
Experimnt , sp. activity suppli
Nucleic acid 3 ICT 3 Babha Atomic
gyntheslis DNA H -thymidine 9000 mC/mi Research Centre,
e Tranbay.
RiA 1 -uridine 3600 mC/m4 ICT 20 ,, ,,

Protein H-1ysine 1250 mC/mit ICT 2 4y »s
synthesis
Tocopharol H-5 ethyl 200 mC/n¥  Worthington Biochemical
Inccrporation Di-alpha Centye, NJ. USA.,

tocopherol through the courtesy of

Mr. V.K. Danisl

Table 2.4 Details of labellsad campamds used,

In vitro labelling

Endrycs and the vitellarium of Asplanchna were labelled in
vitro, by adding drop of the dasired isctope into the culture chamber
(page 23) in which the exposed embryos were kspt in the psewlocoslomic
fluld (PCF). Laballing for one minute with 5§00 uC/ml concentration
of the isotopes gave adequate grain dansity for autorediography.

Tocophsyol incorporation

In 1 ml of the rotifer culture medium labelled H’-Smethyl
DL-alpha tocopherol (con. 107°M) was addsd. Experimental animals were
trensfexred into the culture slids. A series of experimants were
conducted to msasure the incorporetion of labelled tocopherol at

different stages of mictic production. Incsrporetion of the labelled
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tocoplerol at different stages-of mictic-predustion. Incorporaticn
of the labeliled tocopherol was counted in a Packard Tri-Cardb scintilla-
tion counter. Detalls of the procedure are given in chapter 1V,

Autoradiograply

The procedures of Caro (1964) was mainly followed for
autcradiographic stwiies. After labelling, the animals were fixed
in ice cold 3:1 methancl-acetic acid. Squash preparaticns were made
on a sutbed slide (purified gslatine 5 gms, hot distilled water
1 liter, chirom.-alum, 0.5 gue; stored in refrigerator) in a drop
of 8% acatic acid and covered for 5-10 minutes and the cover slipe
were flipped off by frosting the slide with liquid nitrogen.
Slides ware washed in 3:1 alcohol acetic acid mixture and the
wnincorporated precmscrs were extrected in 58 TCA (5°C) for
15 minutes. Dehydration was done in 70% ethanol and the slides
wore air dried for autorediogrephy.

The prepared slides were then ocovered with strip film
AR 10 (Kodak) or nuclesr track emmlsion NTB 3(Kodak), and kept in
lignt-tight slide boxss at 4°C. Autoradiographe were developed
after two to thres wesks exposure perdods,

Developing was done in Microdol X (Kodak) developer for
$-7 minutes at 25°C and the fixation was done with Kodak acid fixer.
The slides were then washed in distilled water before drying.

0.25 w/v aquecus solution of Toluidine blue (pii.8) was
used as the stain. Exosss stain was washed away in 95% alechol, and
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the slides wexre mounted in Euparcl.

2,6 In vitro mthod for embryo developmsnt

For the stuwdy of the embryogenesis, embrycs at different
stages of growth were treated with ladbellsd ccopouncs. Treatment of

growing embryos thus invoives surgical applications.

Egbryological ard other experimental studies on rotifers
are mostly oonfined to the ganus Asplanchna. But the saccate body with
& cemotic gradient maintained in between the pseudocoel and the
extarnal medium render the surgical procedure particularly difficult
as it results in the death of the female organism and consequently
the exbrycs within. Besides, these crganisms are incapable of cell
gaeration to heal up the wound caused by surgica) procedure. In addition
there is further difficulty in surgical application owing to the
movement of the orpanism which cannot be arrested successfully. It
thus became nscessary to device a suitable mathod for the study.
Lechner {1968) has avoided the dissection mechanisms, by selectively
inactivating the oells of the embryce using an ultra-violet sourcs.
Birky (1967b) made use of a culture chamber for the in vitro develop-
mant of the erbryos. In the present work Bixky's culture chamber has
been remodelled in & sinpls manner and employed for the in vitro
study,

Gravid females were collected in a micro cavity slide
(1.5 mm slides with ) om dia. dipressions). Specimens were washed
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well with Dryl's solution (1956) mixad with penicillin and strepto-
mycin (500 mg/liter) in crder to eliminats bacterial contamination,
The solution was removed using a mdero pipette. This was followed
by severel washing. The crganisms were than covered with a drop
(enough to cover tham) of liquid paraffin (wedicinal pure, Bl).
With the aid of fine pointad stainless steel needles (00-entomological
pins sharpened on oil atone) the body walls of the crganisrs ware
ripped open under & sterecmicroscope, 80 that the embryos ware
immreed in the psaudocoelonic £luid (PCF) of the parent body.
UWanted tissues and other orysneliss were renoved with the help of
neadles, The thin liquid paraffin layer mace a sealad agdeptic
chamber and the develcopment of embryos in the PCF was found to be
alrost regular and normal.,

Endryos of asplanchna wxiey these coixditions developed
in the normal pattern for several howrs. The post-mitotic embrycs in which
the organ differentiation has taken place developed into a fully
grown animal, whereas the mitotic phase embryos developed
abnormalities after about 6-8 lhours of nommal growth. Neonates of
Post-mitotic embryos developad in vitro were weak. A sudden transfer
of these crganisme to a noymal rotifer culture medium resulted in
their death. But they survived whan brought gredually to the
tezpearature and pressure oonditions of the noswul medium, With the
aid of a micropipstts, & drop of the rutifer culture fluid was
addsi to the PCF. When the necnates were found moving in the medium,
fuxrther dropwise additions wore made at intervals. Animals were
transferred to normel medium after nssrly 15 minutes, The probable
aspects affecting the mitotic enbryce, forbidding them from dave..
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lopoent after a certain stage, are discussed in . later chapters
(chapter 3 § 4),



CHAPTER 1III
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CHAPTER III

EMBRYOGENESIS AND SYNTHESES DURING DEVELOPMENT

e — - —— . — e . -—— -

3.1. Introduction

The present day knowledge of the ambryonic developmant
of rotifers is mainly based on the studies on Asplanchna, although
the embryclogy of Asplanchna may not be typical of the rotifer
group in general (Hyman, 1951). A dstailed study of the structural
pattern of development ofthe amictic female gensration was done
by Nachtway (1925). The other contributions were from Jennings(1896),
Tannreutner (1919, 1520) and de Beasuchawp (188€), The study of
Lechner (1966) on the embryology of A. glrodi, employing the U.V.
irradiation mathods, has proved the importance of rotifers as a
‘blological tool! (Nathan & Landerman 185%) for the developmental
studies. All these investigeticns cre ecsentially studies on the
structural pattern during development.

In the present investigation attempts have Lesn mads
to study:
i. the developmental phases and
14, the aynthests of nucleic ecids and protaine
during embryogenssis.
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3.2 Developmental phases in Asplanchna

The ardctic and the mictic femalss of Asplancima do
not differ anatomically excspt in vespect of their ovocytes
(Shull, 1921). Amictic females (Plate I) develop diploid eggs
shich produce one polar body during maturation, and the diploid
eggs develop parthenogenstically into femmles, Mictic females
(Plate XII, fig.2 and Plate XIXI, £ig.2) develop haploid eggs
which produce two polar bodies during maturation, and the haploid
eggs develop into males (Plate XII, fig.4 and Plate XIII, fig.4)
if unfertilized or into diploid thick shelled resting eggs, if
fartilized. These low texperature and degiccation resistant eggs
may resums davelopmsnt aftsr a diapause of variable periods and
always hatch into amictic females (See life cycle,Plate X). Thus
the sexual process results in the production of both new geno-

types and inactive stages, capable of withatanding ecologically
unfavourable conditions (Gilbert, 1967),

The present studies deal with the divisional pattemn
and cell generation time dixing embryogenesis,

Mathodology

The transparent nature of the organism facilitated
obesrvation of various developmental processes in the living
rotifer through an Olympus stereo microscope (mag. %0-120x).
The movemsnts of the organism were restrictsdpy trensferring
tham %o a 1.5 ms cavity slida, in which a few pieces of
£lass-wool were placed before setting & cover slip. The tim
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taken for different developmental stsps were recordsd with tha help
of a stop watch. Tizm was measured upto the 5th divisional phase,
although it was possible to msasure further divisional phases with
varying degree of accurecy. Three series of cbservations, with ten
crganisxs in each, were rade on the amictic and the mictic genera-
tions. The pariocd between two successive cleavages, which included
the G,, SaﬂGzpeziods,mmichmdas ths cell gensretion tims,
The observations are rocorded in Table 3.)¢page 39).

rssults & Liscussion

The ezbryonic development in Asplanchna is completed in
utero and it requires about 20 hours at 25°C.

The process of dsvelopment can bs divided into three phases

a3 follows:
Pre-vitelline phase

Vitelline phase

+se0 Poat-mitotic phase

Samstogenstic phase

The gamstogenatic phase of development in Asplanchna
is the maturaticn period of the ovun until the initiation of the
first cleavage of the embryo. This requires about five hours at
25°C and is carried out in two distinct steps namely:

i. 2 pre-vitellins phase and

ii. a vitelline phase
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The pre-vitslline phase comprises the maturetion
division of the owum in the ovary (Plate IX, fig.3), leaving ons
polar body in the amictic generation and two polar bodies in
the mictic male production (Tauson, 19243 Storch, 1923, '24;
Gilbert 1967). Anlctic cocyte undergoes a single mitotic divi-
sicn whereas the mictic ane undergoes the meiceis. In Asplanchna
only ons ovumn (Plate IX, fig.3) developes at a time in the ovary.
The matured cocyts moves to the base of the vitallarium, which
nourishes the developing embryo (Plate II, fig.l).

In the vitelline phase, the developing cocyts is attached to the
base of the vitellarium and it receives the cytoplasmic complemsnts
for further development (Plate II, fig.2 and 3). The fully developed
cocyts of mictic and the amictic femals embryo measures about 250-300 m
whereas that of the wale measures 200-250 u. The developing oocytes
receive all the nourishment frocm the vitellardium, and this is consi-
dered to be the reascn for the repid life cycle of Asplancina

(Bentgeld, 1968),

Mitotic phase

The mature cocyts enters ths second phase of development
(mitotic phase), which requires about six hours, effecting about
10 rounds of mitotic divisions. The firgt cleavage divides the embryo
into two unequal halves, the bigger one forming the vegetal pols
and the other the animal pols (Plate II, fig. ). This division is
followed by detachment of the erbryo from the vitellaxrium and its
further developmant takes place in the utarus. After the detach-
mnt of one exbryo, inftiation of the development of another starts
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in ths vitellarium within a period of 12-15 minutms, During the
dsvelopmsnt of mals embrycs, in certain cases, the embryo gets
datached from the vitellarium after the second or the third cleavage.
Irrespective of the considerable variation in the detachment time
of the embryo from the vitellarium (Table 3.1), the csll gensration
time in the development of male and female exbryos was cbesrved to
bs the same; i.e, within a renge of 10 t© 12 sdnutes.

The second cleavage takes placs in the animal pols of the
exbryo whareas the vegetal pole, designated as the D-quadrant (liyman
1951) remains without division (Rlave-II, £ig.3). This division
forms thyes blastomsres in the animal pole (ABC) (Plate II, fig.S).
The next clesavages divide the AEC blastomeres spirully in two tiers,
and is followed by the division of the D-quadrent into four
blastrasyes forwing a ten cell stage emtryo (Plate 114 fig.6).
Anong the four D-quasrant blestomeres, the largest ons at the vegetal
pole forus the prisordium of the sex cell (Plate IIY, fig.l). The
suceeeding two divisions are in the peripheral blastoxeres (ABC-cells),
forming & sterecblastula stage in which the D-quadrent daughter
cslls are enclosed by the other blastomsres (Plate IIT, fig.l).
Prirordial germ cell and other D-quadrent cells at this stage of
dsvelopment are easily distinguished dus to their size difference.
Equational division of the germ cell forms the antaricr
vitellarium (Plate III, fig.2) and the postericr ovaxy primcrdial
oslls (Plate III, fig.2). The division in the ovary cells is quicker
than that of the vitellarium. |

At this stags, the cells in the antexdor region of the
Mulwormmyomnmmfmpﬂmnﬁmx
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(Plate III, fig.2), These cells form a blind tube (Plate III, fig.3)
which later opens ocut as the mouth. At the same time, proliferation
of the cslls from the dorsal body wall of the embryo forms the
double layered cell structure which later transforms as walls of
the stomach (Plate III, fig.3), The esbryo now has a bilateraelly
symmstrical orgenization, with farmation of primordia of organelles
(Plate III, fig.4w). A group of cells from the dorsal embryonic

body wall forms the primordia of gastric glands (Plate IV, fig.l)
sveeriorly en either side of the stomach (Plate IV, fig.l6,2)
Salaivary glands and mastax are also formed from the cells separated
mmmm‘bodyuuofﬂnmﬂo.Amsofcemm
the postsriocr part of the ventyal bodywall proliferate and forms
the nephridia (Plate IV, £ig.l). Corona and epidexmal musculature
axe forusd as parts of the epidermsal layer. Mitotic stage of
developmant stops with the foarmation of these organ promordia
almost at the tenth cleavage stage. The ambryce of the mitotic phase
show no growth, and the oell division of different analgen stops
at different tinms,

Post-mitotia phass

buring this post-rdtotic phase of embrycnic development
cell divisicn stope along with INA synthesis (vide infra). Organ
differentiation and orientation are completed during this perded.
Tissues become syncytial at this stage, along with the establish-
nant of different physiological systexs. Comnections of the stcmach
and the pharymx are established along with the pasudocoel formation
(Plate IV, fig.3 and 4). Growth of tho embryos takes place only
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during this phase of dsvelopment., The psaudocosl gets filled with
the coslomic fluld, and the exbryoca start synthesising RNA at this
stage. This phase covers a periocd of 8-8 howrs. The cuticle
formation takes place at this stage, as a hypodarmal secretion.
Corona and clliary circlet start moving when the embryocs attain
full development.

3.3 Synthescs of Nuclaic acids and
Froteins during emTyorsnesis

The eabrycnic development of Asplanchna exhibits many
intayesting features. Cell division csases at an early stage in
developmant. Purther differentiation leads to the formation of
an adult with a definite mumber of nuclei in each cxrgan (Birky et al,
1967). It is possible that the number of cells in the adult
rotifers may bs oconatant, as has besn reportad by Martind (1912) in
Liydatina semtalquoted by Hyman, 1951). But it is difficult to say
with certainty, the extant to which the nuuber of cells in the whole
organism would be constent. Hyman (1851) and Birky (1967) have
stated that an adult female contains less than 1,000 nuclei in
®oot species. At the same time Birky & Field (1966) have reported
variation in the nuclsar muber in the vitellarium and the gastric
glands of A, sdeboldl . Identical cboervaticns have been made in
the presant study on A. brightwelll (Chapter IV). It is interesting
to nots that many of the classificstions of rotifers are mainly
based on the nuclsar number in the gastric glands and the
vitellardun (Sudzuki, 1964), although the nuaber of muclel in these
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oargans has been reported to be variabls. Studies of Birky (1368)
and gome of the cbservations in the present stwdy shaw congtant
ramber of nuclei in the bodywall of Asplanchna brightwelli and

A. sisboldi, even in different morphotypes, although their poeition
varies. Rscent reports of levinthol (1971)(psrsonal communication)
indicate a fixed number of nuclei (182 nce) in the brein of the

adult female A. sieboldi,

The primary intention of this investigation was to study
the nature of syntheses of nucleic acida and proteinsg in the
exbryogenssis of the rotifer Asplanchna, and their role in maintaining
oall constancy in aduit,

Autaredicgraphic techniques employing tydtiated Thymidine,
Uridine, and Lysine were used for the follow up of the DNA, RNA, and
protein syntheses during the different dev—slopmantal phases of
Asplanchna.,

Mathodology ~ Grevid females of A. brightwelli collected from the
mass culture were washed well in the culture medium
and then in Dryl's solution (Dxyl, 1959) with penici-
1lin and streptonycin (500 mg/liter of Dryl's solu-
tion) and labelled.

gmmmmwmummm
in the culture chamber (Chapter II) and adding the
isotope at & concentration of $00 uC/ml. Labelling
was done for periods renging from cne to thirty
m.mnmnmmmmfmw
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the addition of 3:1 alcohol-acetic acid.

In vivo labelling was done by allowing the organisms
to grow for three to four hours in a medium contain-

ing isotope (100 nC/ml),

Preparation of squashes
Treated and fixed materials were washed well in 3:1
alcohal-acetic acid and were placed on subbed slides

with a &rop of cold acetic acid. Slides were covered
with silicon costed cover slips and squash prepara-
tions were mads, The cover slips were flicked off by
frosting in liquid nitrogen. Uninccrporeted precur-
sors were yemoved by extracting with 5% trichlorcacstic
acdd (TCA) for 15 wimutes, at 5°C. The acid was removed
by washing with distilled water and the slides were
dried for artoredicgrephy.

Autorediographs were prepared miinly following the
methods of Carc (1964). Both Kodak NTB 3 liquid emul-
sion at 43-44°C, and Xodak AR 10 striping films were
used for coating the slides. The drded slides were
stored in light-proof boxes at 4°C for an exposure
pexriod of 15-21 days. The slides were developed for
§-7 minutes at 25°C in Kodak rdcrodol X developer
and after washing in cold water, fixed in Kodsk acid

fixer for 10 mimites. Staining was done with 0.25%
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aqueous Tolujdine blue. Excess stain was washed off
with 75% alochol and mounting was done in Euparal.,

Results arxi Discussion

The maturation of cocytss in Asplanchna brightwelli takes

about five hours at 25°C. During this time cytoplasm streams into

the maturing oocyte from the vitellarium and tha cocyte undsrgoes

repid increase in its volume. This process can be cbserved under

microscope (mag. 40 x 6.5) when the animal is kept on a slide under
a coverslip eupported with glass wool inorder to avoid pressure on
the organism.

Synthesis in vitelline phase

Autoredipgrephs of the embryocs of the vitelline phase
labelled in vitro for thres mirutes show the incorporation of
i3-thymidine in certain nucled of the vitellarium (Plate V,fig.1)
and also in the developing cocyts (Plate V, £ig.5). But thes embryos
of the same phase labelled in vitro for thres minutes do not
indicate the incorporation of Ho-uridine (Plate VIII, fig.1).

In vitro labelling with H°-lysine at tha vitelline phase shows
the aynthesis of protein, both in the vitellarium and in the
developing cocyte (Plate IX, fig.l and 2)synthesis of protein, both

in the vitellarium and in the daveloping cocyte (Plate IX, fig. 1
and 2),

Continuous labelling with H'-thymidine in vive for
thres t© four hours shows most of the nuclei in the vitellarium

labelled (Plate v, fig. 3 and 4). Certain eytoplasmic regiong of
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the vitellarium and the cocyts also are found to have incorporated
H3_thymidine (Plate V, fig. 4). When similar experiments were per—
formed uaing Ho-uridine, the vitellarfum and the developing cocyts
incorporated the labslled substance to appreciabls extant (Plate VII,
fig. 3 and §). Protein synthesis shows no change in experimants

exploying i>-lysine.

Selsctive inocorporation of thymidine in the vitellarium
nuclei indicates that the synthesis of DNA takes place only in
ocartain nuclel at a time. This is further proved by tha labelling of
more nuclei during the in vivo treatment for three to four howrs.
Sinilarly, the labslling in the cytoplasm of the vitellarium and
the cocyts clearly shows that the cytoplasmic DNA synthesis is also
taking place in these organs. Absence of the cytoplasmic INA
labelling in the in vitro treatment indicates that the cytoplasmic
DNA synthesis is taking place at a lower rate, failing to give
the labelling on short-term treatwent with H -thymidine. Absence
of cytoplasmic LNA in the later mitotic stage embryce (vida infra)
suggests that these DNA complemsnts, founi in the maturing oocyte,
have poosibly been received from the vitellardum

In vitro labelling shows no incorparetion of H.-uridine in
the developing oocyte (Plate VIII, fig. 1), whereas more RNA
synthesis takes place in the vitellarium (Plate VII, fig.l and 2).
Hence it is presumed that the cocyiss of the vitelline phase are
incapable of RIA synthesis, uhereas all the nuclei of the
vitellarium uniformly synthesise RNA. The cytoplasmic RNA symthe-
sis is also found to take place in the vitellarium (Plate VII,
£13.2). In vivo treatmant with H'-uridine has shoun the cocyte
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with RNA, labelled, This further leads to the conclusion that the
oocytes are receiving the RNA from the vitellarium along with the
transfar of the cytoplasmic materials, The transfer of RNA from the
vitellarium to the developing cocyte is clearly visible from
(Plate VII, fig.4). On the contrary, protein synthesis takes place
both in the vitellarium and in the cocytes of the vitelline phasa,

Synthesis in the mitotic plicse

The ambrycs of the mitotic phase labelled in vitro show
i#-thymidine incorporation enly in certain cells (Plate V, fig. 6 and
Plats VI, fig. 1 and 2) whereas the RNA synthesis is found to be
lacking during this phase (Plate VIII, fig. 2 and 3). Protein synthe-
sis is pronounced in the mitotic phase embryos (Plate IX, fig.3 and W),

In vivo labelling for thres to four hours shows that the
developing cocytes are also labelled with H -uridine (Plate VII,
fig. 3 and 5). Incorpovetion of H’-uridine is cbeerved in the cytoplasm
of the vitellarium (Plate VII, £ig.2). It becamss evident frem the
above that along with the transmission of cytoplasmic contents
(vide supre) ths developing cocyts is also supplied with RNA from
the vitellarium (Plate VIX, fig.h).

Synthesis in the post-mitotic phase

The post-mitotic phase embryoe show no H’-thyud.dim
incorporation except in the vitellarium nucled (Plate VI, fig.3 and
(Plate V, fig. 1). Cartain cells of the vitellarium are labellad
(Plate v, £ig.1). But the H'-uridine incorporetion becames zore
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evident in almost all the nuclei with high intensity labelling in
the vitellarium (Plate VIII, fip.4). Protein iz found equally labelled
in all tissues of the crganism (Plats IX, fig. § and 6).

Thege observations further show that NA synthesis is
resuned in the post-mitotic phase, possibly after the INA synthesis
and mitosis have ceased, INA synthesis in a differentiated embryo
is found to take place only in the vitellarium,

To summarise the cbeervations in the developmwental phase
of Asplanchna embryos, it cen be said that:

1. INA synthesis takes place in the maturing ococyte

and in the vitallarium, durdng the vitelline phase.
Different nuclei of the vitellarium synthesise INA

at different times. DNA synthesis stops at different
analgen. In the fully grown embryo and in the adult,
only the vitellarfum nuclei synthesise DNA,

2, All the vitellarium ruclei synthesise RNA uniformly.

The developing cocytes are supplied with the RNA
complements by the vitellarium, and no RNA synthe-
sis tekes place in the embrycs till the amitotic phase

is completed, Fost-mitotic erbryos repums the RNA

synthesis.

3. Protein synthesis takes place in the embrycs at
all stages of development and in the vitellarium,
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CHAPTER IV

SEXUAL TRANSFORMATION IN ASPLANCIHNA

4.1 Introduction

The transition from parthenogenstic (asexual) to sexual
reproduction (biparental), observed in many species of the order
Ploima (Gilbert, 1968), is an interesting problam of the biology
of rotifers. The sexual pericds are conparatively brief in occurence
ad aye owing to the parthanogenetic production of the mictic
females. This sexual trensforwation is the result of the influen-
ce of cartain stimill namsly pH variation, cxygen content of
the wedium, phtopmriodicity, staxvation, distary change etc.
(Mitchell, 1913); Tannreuther, 1919; Shull, 1927; Whitney, 1929;
Birky, 1964; Buchner § Kichle, 1965, Kichls § Buchner, 1966;
Glibert, 1967). However, the influence of these stimuli in trens-
formation of amictic females into mictic ones is poorly under-
stood,

G{lbert & Thomson (1968) have shown that the inclusion
of alpha tocopherol (vit.E) in the diet of rotifers Asplanchna
brightwelli and Asplanchna sieboldi causes several changes in the
developmant of their parthenogenstic offsprings, namely:
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i. the offsprings develop regular body wall cutgrowth
(BW0) or the humps,

ii) the offaprings have a higher mean number of nuclei in
the gastyic glands and the vitellaria, which are expep-
ticns to the phencomenon of eutely, a charecteristic
feature of most of the rotifers, (Birky § Field, 1966)

i1i) somes of tha offsprings grow into maturity as mictie
females whose oocytes undergo meiotic rather than
mitotic maturation division,

4.2 Effect of Vit.E on BWO response
and nuclear nuwer

Studies carried out on the BWO and the increase in the
nuclear nunbexr of the vitellarium and the gastric glands of
A. sisboldi and A, brightwelli have shown identical results
(Plate XI, fig.2 and Table 4,1). A. sieboldi (Plate XII, fig.3
and Plate XIIX, £fig.3) show pronounced BWO and higher nuclear
muder in the vitellariun and gestric glands than A. brightwelli
(Plave XII,fig.l and Plata )XIII, fig.l). The nuclear map (specimens
fixad in acetone and msp drewn using camera lucida) have shown
the displacezant of certain hypodermal nucled in the humped forme
without causing any change in the nuclear number (Plate XI, fig.2).
In both A, sisboldi and A. brightwelll few of the marginal nuclei
(Plate XI, fig.2, n,n.n.nc) were selectively activated for the
hep formation. Similar effects were cbserved in the median
nucsli also which were induced to form the postaxior and the
doreal husps (Plate XI, £ig.2 d,d,d,d.). Although A. sieboldi
showed flap like latersl outgrowth of the bodywall, nuclear position
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and the number almost remained similar to that of A, brightwelli,
The nuclear counts made in the gastric glands and vitellarium (through
phase contrast microscope, mag, 40:12.5) show a higher nuclear
number in 4, sieboldi (Table 4.1),

Species Morphotype Vitellarium nuclei Gastyic gland nuclei
mean no. umsan no.
Asplanchna Saccate 38,4 (36-u48) 9.2 (8-12)
- Brigelli
Humped 46,2 (42-56) 13.5 (11-18)
Asplanchna Saccate 56.6 (49-62) 13.2 (10-16)
~ sisboldi
Humped 64,0 (58-69) 23.1 (21-28)

Table 4.1 Nuclsar number in the vitellmrium and gastric
gland of A. sieboldi and A. brightwelli,

Birky (1968, 1969) through his extensive studies on polymorphism
has descnstyated in A. sieboldi that in the case of BWO response,

dhtuyviwdnﬂmwlsﬁnmrplngﬂntichwﬁlinﬂnsmﬁm
W&Gﬁ.chypodermiswiﬁmtaltaringtkwmnm. At the same

time, {t also controls the number of mitotic divisions in the embryonic
8astric glands and vitellarium without affecting the morphogenesis.
The machanjsy by which vit.E operates in two different ways in two
specific tapget tissuss of the same organism still remains unknown.

In the present work furtner experimnts were performed
to study:

A) the effact of vit.E at various stages
of amictic embryogsnesis, and
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B) the nature of inheyitance of the mictic treit.

The BwO response being a morphotypic variation associa-
ted with the mictic development, was taken as a parameter to assess
the mictic producticn. Te organisms have been browadly classified
into tiwes graups, on the basis of the level of morphotypic varia-
tice in response to the dietary inclusions of vit.E. These groups
are as under:

1. Amdctic saccate females  (AM) (Plate XII, fig.l and
(Plate XIII, fig. 1)

2. Partially husmped trensitional (Plate XII, fig. 2) axd
forms (T) (Plate XII],fig.2 and

3. Mictic fully humped females(M) (Plate XII, fig.4 and
(Plate XIIY, fig.h)

4.3 Effect of vit.E at various stages

- ——

Amictic ferales (AM), bearing developing embyyos of diffe-
Yent age groups, were separated from the mass culture, washed in
the oulture fluid and transferred to the mictic culture medium
(Capter II) contalning DL alpha tocopherol (107°M). Gravid smictic
females with embryos at different stagas of development, were taken
in small cavity blocks. Five series of experiments were conducted
with 8 to 10 specimens in each series. Number of organisms in each
cavity block was limited to 3 or & forr the convenience of ocbeerva-
tion, Appropriate control was maintained in the normal madia without
mmw.mmammmﬂmtpl) upto the
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§th or 6th offsprﬁigs:ééﬁuamd and examined. The groupings were
made on the basis of EWO respcnse, Observations are recorded in
Teble 4,2

Expexd- Lnbsryoaintmm Oi‘fapringaofﬁnl’.mutim
rent female at the tire

series of transfer to vit. ‘11 P12 P13 Piy Pys Pyg

5 pediua
1 2E ¢ 2a AHM M T T M T
2. E+ 2 AM M TT T M
3. eto T T T T M
4, e T T T H M
S. Neww boxm T TT M M M
s. Control 2E ¢+ @ AM AM AM AM A AM

Table 4.2 Effect of vit.E on the enbryos of
Asplanchna brightwelli amictic generation.
E- embrycs after the gastrulation and differen-
tion of cells., 8- embryos of the mictic phase,
0- the developing ococybts attached to the vite-
Llerium, Pll - Pl5 progenias of the same gensra-~

tion in succession.

k.4 The nature of inheritance
of the mictic Gait

Hethododogy

Uniform batch of newly born, unfed amictic females ware
separutad fraa the grevid mmictic females from the mass culture
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and kept in cavity blocks with normal culture media. Necnates were
oonoomdnf‘bu-zdm,mdkuptinmﬂmitysnm
conteining mictle culture medium and DL, alpha tocopherol (10-71).
caluolmmintaimdinﬂmmlmdiadﬂmtmalﬂutocophml.
nnozgmdmmfﬁdm?mmmm.'macavityaudas
with the necnates wers kept at 25°C in a humid chanber and regularly
cbserved.

Piwm(Gl~Gs)ofupu'imtnmmmudwiﬁl
8-10 spocimens in each line and the cbservations continued upto tanth
genaration in ocertain cases. Treatmant with vit.E in the medium
omtjmndﬁunmmﬁwgmmtﬁa-(sl-Gs seriss). The
continuity of the inheritance in the sucoseding generations was
studied by tranafering the mictic offsprings of each series back
to the normal medium without tocopherol. The results are swmmrised

in Table 4.2,

Experiment Genarations

sexies 0 REPRF B Fg F, Ty Fy Fpy
1.611 AMAMIT M M T AM

2.6 b ALAM T H oM A

3. G, AMAM T/HM M M T AM

‘°°3 AMAM T KM M M M T aM

. G, AMIAM T M M| M M M T AM

6. G MUAL T M ¥ M | M M M T aAM
7. Contxol AMAMAMAMAM A AM A AM AM  AM

|
;
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Result and Discussion

Hictic female production and HWO response in Asplanchna
axe apparently controlied by alpha tocopherol. Experiment 4.3
shows that the embryos of A, brightwelli remain labile to differen-
tiation into mictic ar emictic females until they reach tha

post-mitotic stage (E) through gastrulation and cell differentiation.
Dsveloping cocytes (0) attachad to the vitellarium and undifferen-

tiated mitotic esbryvs (o) are easily induced to mictic production

by the matamal dist of vit.E as evident fram the cbservations

in series 3 § 4 of Iupt. &.3(Table 4.2). On the contrary, the post-
udtotic exbryos in which the organ differentiation has occured show
no visibls effects due to incorpcration of tocophexrols (1 8 2 series
of Tabla 4.2) Necnatss of the amictic females camplately trensform

their progeny into mictic through the trensiticnal stage (T)
(pexies § Table %.2).

These observations lead to the following possible inferences:

1. vit.E divectly induces the esbrycs to mictic production
ii. vit.E initiates the action or production of certain
specific molacules responsible for the mictic production.

Howaver, it bscocsws evident from tha above results that
vit.E is not associated with tha cogenesis of the amictic females
in the production of the mictic progeny.

The inducer molecules are possibly macro-moleculsr, as
they are incapable of inducing the post-mitotic embryos in which the
differentiation of the oells have taken place. Presumably the body-

“all thickening of the developing esbrycs may act as a barvier to
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the entry of the marcramolecules into the animal cells, as has

been found in the development of sea urchin egg (Monroy, 1964).
Similarly it is reported (Bentfeld, 1968) that the impregnaticn

of ths sperms into the pseudocoal of the females is possible only
before the hardening of the body wall. This is emphasized by the

in vitro development of the post-mitotic embryos (Chapter II) dewoid
of maternal nourishmant. The synthetic processes are found to be
carried out by the embryos at the later stages of developmsnt
(Chapter III). Thess results laad to a possible oonclusion that the
inducing molecules are having the macrcmolecular structure and their
action is not associated with the maternal cogenssis; and in utero
it can act only upon undifferentiated embrycs.

The P, progenies of the Expt. 4.3 are mostly trensitional
forve (T) eventhough they develop in vit.E containing medium. This
delayed respcnse may be owing to:

i, insufficiency of the vit.E ingssted by the

organism or

ii. delayed production of the inducer molecules.

The intake of vit.E by the organise is mostly through

the parexecia andhence its passage from the stomach to the target
tissues is yet to be workad out.

The females of F, gensretion on alpha tocopherol diet
from birth to the firet offepring (0-24 hours) of the F, gensra-
tion, are in the transitional stage (T) (Expt.4.4 Table 4.3). when
m?lmuﬂwmmdmﬁndcﬁcmmﬂuml

thnir?,mﬂum:d.cﬁc(ﬂ)wiﬂxmptmﬁmthup
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formation although they received no additional complement of vit.E
(Gl series). Further generations (FH’FS) show gredusl decline in the
response, forming again the transiticnal stage and finally reaching the
anictic stage (AM) tl’uu@l‘sorl-'s generation. In(:,2 .G5 series of
experiments of 4B, the organisms were treatad with vit.E for a number
of generations vaxying from 2 - 5. The observations made in these
experiments reveal that the influence of vit.E continues over 3-4
genarations even when the organisms are subsequently grown in tha
absence of the vit.E. This indicates that once the optimm quantity
of tocopherol is taken up addition of further quantities of vit.E
to the medium does not have any additional effect on the organism.
On the contrary, when the quantity falls short of the cptimum require-
mant, the transitional forms are produced which finally lead to the
production of normal amictic females. The greadual deeline in the
respense through the generations leads to the conclusion that the
magnitude of the mictic response to vit.E is a function of the amount
of the inducer molecules present in the animals in each generatien,
The long labile perdod in Asplanchna development, in contrast to
that of Brachionus (Gilbert, 1963, 1968), is due to the in utero
development in which the nourishment is received from the maternal
Synthesis through the uterine fluid (Chapter III). The mictic indue-
tion caused in the developing embryos of the early stapes further
indicates that the inducer molecules are present in the uterus of the
nother influencing the development embryocs. The trensmission to the
progeny is likely to be through the FCF of the offspring formed during
the post-mitotic intre-uterine development., This trensmission
proosss gradually decreases in the subsequant generations as
fmmitimofimmmmlummtn&waihbhm
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in the absence of vit.E,

e process of innerditance of mictic trait in Asplanchna
cmjnmw&ybodiffemntfrmtmmlogiulhﬂmtimofﬁu
posterec-lateral spine formation (Gilbert, 1966), caused dus to the
'asplanchna factor' and resulting in the possible cyclamorphosis,
in brechionus calcyflowrs Pallas (Nayar, 1965), A reduced rate
of inducticn in the succesding progenies is cbserved in many
cyclamorphic forus of rotifers (Hutchinson, 1967). All these observa-
tions suppart the paseive trensmission hypothesis (Birky, 1969).

In Asplanchna, it may be explained as a function of cartain
mmmpmmmmmmmm-

tion. The trensmission of mictic response fram the parent to the
progeny is in the form of vit.E itself or in the form of another

molecule whose synthesis requires high levels of alpha
tocopherols.
4,5 lote on the intake of alpha

tocopherol and its inhexri-
tance in Asplancana

A. {ml@tmllihasbunminmdiaomtairﬂ.ng
5-methyl Ha.—lnbalhd alpha tocopherol. An attexpt has bean made
to study the proportion of this labelled substance that has

been trensferred in the suocesding generetions.

Asplanchna fmhsmmmdfmﬁr&toﬂm
in culture mediun containing H® jabelled alpha tocopherol
(10~°M). The procedure of the earlier experiment was followed
(Bapt. 4.%) 10 specimens from each goneration were isolated
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and fixed in alechol, The proportion of the labelled compound
in each generation was estimated by taking the disintegration
conts in a liquid scintillation counter (Packard, Tri-Carb).

lable 4.4 and Graph 4.1 show the percentage of the
tocopherol contents retained in sucoeeding generations.
Plate XIV, fig.l shows the digramstic representation of the
level of reduction add retention of tocopherol in suceessive

genarations,

Generation Vit.E content per ¥ retention of
female in ng. u (tocopherol)

I 0.142 4,71

I 0.0152 0.482

III 0.003316 0.11

v 0,000775 0.026

v 0.000281 0.007

e e —— . — A - ————— -

Table: 4.4 Vit.E contant and its percent retentien
(on the basis of Hs-impomtim) of
tocopherol in Asplanchna brightwelli
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Graph 4.1 illustrates the percentage inheritance of H3 in each
generation, in a decreasing order with a sudden drop in the
second generation progeny. uowever, the decline in each penere-
tion keepe a ratio of 1:0.25:0.25:0,25 relationship. The
diagrain (Plate XIV, fig.l) illustrates the probable mechanism
by which the degree of inheritance is reduced in the succeed-
ing generations. It is further suggestive that vit.E molecules
are transmitted from one generation to other, without wundsr-

going any apparent change in itself,
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CHAPTER v

DISCUSSION

5.1 Generel discussion

nupmtsumydeanwiﬂxmdlmlmtnlm
of the rotifer A. brightwelli . The couree of dewelopmant of this
organiem involves three distinguighable steps : namsly, gamatogenetic,
mitotic and post-mitotic plmsa;a. These developmental phases in this
crganism have not besn specifically distinguished by earlier workers
(Birky, ot al, 1967, Gilbexrt (1968) etc.), although they have
aumdﬂutmiwﬁcdidsimmmasntmnugoofdnwlqmmn.
mmmmk,ﬂngmtosﬂmcptmhummﬁngum
as the processes leading to maturation of oocytes. This phase involves
& pre-titelline and a vitelline phase. Pre-vitellins phase includen
the processes of gamste formation in the ovary through the maturetion
division. Bﬂjlhphfouandwwfwofﬂnmmm
of the vitellarium, which serves as the nurge aslls for developmant
of the embryo. ﬂnmiwﬁcmmimﬁmdivisim-tq-of
ﬂ.mmlmntsmﬁngfmﬁuﬁmtchms‘ﬁuttam
pmwmﬂuw!wmatudndmﬂn\dmmmplmo. Mitotic
phase continues for about eleven hours of development. The cell
division stops after the farmation of the organ primedia. The
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post-mitotic phase is characteriged by the organ formation and
differentiation, The growth of the snbryo is observed only during
this phase of developmant., In the presant work attempts have been
mtoahboxuteﬁnpmsesofdowlomntbyastudyof
syntheses of major biological compounds namaly , nucleic acids

and proteins,

Complete development from mature egg to birth requires
about 20 howrs at 25°C (Nachtway, 1925; Lechner, 1966). In the ovary,
auyanaoqruatatmm:goosrnpidgrmth.&terﬂnoocyu
hlsfullygrumandsepammdﬁuntluvitcllu*immundamofwﬁ
ther asvelopment in the uterus, another one in the ovary is ini-
tiated to grow. The duration of the growth of oocyte at 25°C is about

$ hours.

Monroy & Tayler (1967) state that in sea urchin egg.
mhafﬁanMﬂdalofﬂngxwmgoocymhm*
factured in other cells of the body (nures cells) and supplied
to the cocyte as finished pmm.ﬁsindlarpmss,mm,
is not common in intra-uterine development, in which the complete
nourishment is mainly carried out by cells of the mother, ti11
the birth of the offspring. Though the cocyte development is jntre-
uterine in Asplanchna, its pattern of davelopment is compareble
toﬂwmlcﬁ!ﬂﬂcvomulcsofimem,wheminﬂnoocytem
nourishment from the nurse cells through the nutritive cords
(Imms, 1963). Howsver, this mode of development in Asplanchna
wﬂmmwmﬁmuavﬂimorgmm.
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5.2 Synthesis of Nucleic acids and Protein
during asvelopnent.

In A. brightwelll syntiwsie of DNA ceases at a certain
stage curing utsrine development (Birky et al, 1367), alongwith
the cessation of mitosis. Synthesis of INA is found to stop at
different times in different analgen. All the cells of the develop-
ing embryo are not found to synthesise DNA at the same time even

in early stages of developmant (Chapter III). This may be one of
ths muin reasons for the phencmenon of eutaly eahibited by thess
crganisms. Nuclear constancy (eutely), on the basis of this observa-
tion, appears to be a control mechaniam which shuts off mitoeis in
the tissues pricr to orientation of organs. Laxperiments employing
labelled corpounds reveal that incorporation of H"-thymidim in the
nuclear DNA indicatesreplication of the genome. In adult rotifere
and in embryos at the post-mitotic stages, incorporetion of

1® thysidine is cbserssd only in the vitellarium. During the post-
witotic developmant, the cell membrenes break down and disasppear
campletaly in the vitellarium as well as in most of the other tissues.
ihe vitellayium thus becomes a syncytial organ, showing muclear

INA synthesis of varisbls extent during this pericd. The variebility
mtjnplndmtcofﬂ%synthaﬂiﬂinﬂnmlchiofﬂnvitolhﬂm
and the absence of DNA synthesis in the cocyts indicats that the
mmofmmrmﬂwmmmmmlmm
syntiwsis during development. This is further supported by the reparts
of the absence of DNA synthesis in the nucleus of cocytes in higher
dipterens (Sharma, 1968) which drew nourishment from external
sources. The mclei of the vitsllarium at this stage of developzant
are probably becoming polyploid. Polyploidy and polytenization in
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yolk glands are known to occur in insects (Raven 1961; King, 1964),

The maturing cocyte of the vitelline phase and the
vitellarium shows incorporaticn of labelled thymidine in the mucleus
and the cytoplasm., Cytoplasmic DNA shows labelling when exposed
for a long time, especially in the oocytes. The presence of cytoplasmic
DNA has earlier been reported in cocytes of sea urchin (Monroy ,1964),
asphibisns (Haggis, 1964) and echinoderms (Tyler § Tyler, 1966a).

But the exact amount and properties of this DNA have not been under-
stood properly. In the case of Asplanchna the cocytss receive camplete
cytoplasmic complements directly from the vitellarium (Chapter III).
Henoa it is more likely that the cytoplasmic DNA synthesis is

carvied out in the vitellarium itself. Shmerling (1865) and Baltus
ﬁg(lssﬂhm:-pmhd that in sea urchin the cytoplasmic DNA
acts as a primer for both DNA and RNA syntheses. Cytoplasmic DNA

has besn reported in another aschelminth, the nsmatode, Caenorhabditis

briggasae (Nonnenmacher-Godet & Dougherty, 1964). The precise function
and location of this DNA in Asplanchna has not been determined,

although it can be presumsd that rotifers also pogsess DNA in their
mitochorkdria like sea urchin (Piko et al, 1967), amphibian eggs
(Dawid, 1966) and nematodes (Nonnenmacher § Dougherty, 1964).

Generally in animals, the synthegis of RNA continues
actively tiroughaut the cocyte development, although it is less
Wmmsm.m@udmmwiﬁxmwumtm
and frogs (Fiog, 1964) have shown that high molecular RNA is
synthesised in the mucleus during most of the growth periocd. By
precurwcr labelling it is proved to be riboscmal RNA (Edstrom et al,
1961). Similar results have been cbtained in the toad Xenopus lasvis,
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in which considerable amamt of RWA synthesis takes place during
cocyta development (Davidson et al., 1964), But at the onset of
maturation divisions this synthesis ceases, although a slow rate
of eynthases of sRlA and mRNA have Leen detected. No further
synthesis of riboscmal RNA was found to take place until the
gastmila stage, whereas synthesis of heterogenous INA like RNA is
found cuping cleavage stages (Brown § Littna, 196ta). These results
indicate that until gastrulation, no new ribosamal RNA are synthe-
sised in the eobrycs:; i.e., the protein syntheses are carried out on
the riboscmes. Those ribosomes come from the vitellatium alongwith
the cytoplasmic contsnts during ocogenasis.

A similar situation is noted in Asplanchna in which the
dawlcpﬁxgunbryosofﬁlemitatiCphaaeandtlmoocyms of the
vitelline phase do not gynthesise RNA. Cytoplasmic contents of the
oote are received from the vitellariun (Chapter III) wherein RNA
synthesis is active throughout the developmental pariod. Intense
labelling of RiA in Asplanchna gives more evidence to its
polyzﬂbosmnlormkadmucuneasd:semdinseaumnm
anphibsans (cited above). During the mitotic phase of development,
no RNA eynthesis takes place in the embryos, which begins only after
the crgan differentiation in the post-mitotic embryo has bean
conpleted (Chapter III). These facts indicate that during the divisional
stages of embryo, the maternal RHA is responsible for the develop-
ment of the enbryocs. The embryo becames able to independantly
synthesise RNA only at a later stage, after the cessation of [NA
synthesis. In adult rotifers, the nuclel and the ¢ytoplasm axe

found to intensively incarporate e uridine, in the vitallarium, RNA
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synthesis in the vitellariwu are probably rRNA and mRNA and are
trensferred to the growing cocyte in the vitelline phase, alongwith other

cytoplasmic contents. These results suggest that the ococyte nucleus is
inactive ana the machinery for tne protein synthesis are supplied by the
vitallarium. Such observations have also been made by King (1960) in
M}Eﬂ. According to him ! the RNA which initially accumilates in
the ocplasm arises from the nurse cells nuclei, but the subsequant
bufld up of ocplasmic RNA is independent of nurse cells and cocyte LNA. It
becomes evident from these cbservations that most of the synthesis
processes for the oocyte development go on in the maternal tesplates

in Asplancnna.The use of maternal tissue for the trenscription of RNA
give more evidence to the polyloid nature vitellarium nuclei that
enable repid RNA synthesis.

Ribosamal KNA is apparently not foarmed until the time of
gastrulation in anmphibian eggs and it is found to be ccmwelated with
the appearence of nucleoli in the miclei of sea urchin (Coeden ¢
Lahman, 1963). Uchin (1966) also reparts that RNA synthasis oocurs at
the time of gastrulation, tha appropriate enzyme presumably being
synthesised in the development of Asplanchna, INA synthesis ceases in
the post-mitotic phase alongwith the appearence of nucleoli jin the
cells and the resunption of RIA synthesis (vide supra), These observa-
tions are identical to the development of amphibian and sea urchin
eggs refarred to above. It may be stated that during the development
of Asplancina, the masked RNA, received from the vitellarium, are
urmasked in the early developmant perdiod, and new RNA are synthesised
onoe the orgen differentiation has taken place in the post-mitotic
erbryos. RNA synthesis in the embryos of Asplanchna are preceded by
the cessation of the DNA gynthesis with the appsarence of nucleoli
in the cslls.
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Maggio & Catalano (13963) have reported a significant
increase in the protein synthesis until the balstula stage, in
sea urchin egg. But in Asplanchna the protein synthesis during the
exuryonic developrent is continuous in the developing embryos and
the vitellarium, The camplete machinery for the synthesis of proteins
in the embrycs is supplied by the vitellarium (vide supre). Hence
synthesis of protein in embrycs of Asplanchna is controlled by the
riboscmal RNA complements received from the vitellarium. This is
caopareble with the cbservations made by Maggio et al (1964), that
sea urchin egg contains RNA capable of acting as template RNA for
protein synthesis in the riboscmes of rat liver and in sea urchin
enbryos, The mechanism of protein synthesis in the case of Asplancha
is still at an infant stage of study to elucidate synthesis during
embryonic development. However, it is evident that the syntheses in

the early embryonic development of Asplancina upto the onset of
gastrulation and crgan differentiation are irndeed controlled by the

cytoplasmic corplements (especially RNA § cytoplasmic DNA) received
by the developing cocyte during its vitelline phase,

5.3 Inheritance of mictic trait

Inclusion of vit.E in the diet of Asplanchna brings forth
various responses, like bodywall cutgrowth (BWO), increase in the
ramber of vitellarium nuclei and gastric glands and the mictic female

production (Chaptexr IV),
BWO respanse has been studied earlier in A. sieboldi

bthicy(lﬁBS).'numclmmapofﬁubodwmoft\. sieboldi and
A._brightwelll (Chapter IV) shows no change in the mumber of the
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nuclsus but only in the position of the nuclej. Further, BWO

response is spacifically localized on certain nuclei of the bodywall.
In A. sieboldi Birky (1968) claims that exogencus tecopherol causcs
tachyauxetic (excess) growth in specific cells in the embryonic
hypoderiis. Muscular dystrophy in higher vertebrates like rat, chick
and pabbit (West et al 1967; Harper 1967 etc.) has been reported to be
dus to deficiency of vit.E BWO in Asplanchna is due to hyparvitamincgis
and wnoe is not comparable to the effects of vitamin deficiency in
vertebrates. tlowever, specific action of vit.E on certain nuclei of
hypodermis becomes a matter of interest, as the hypodermis is a
syncytium where all nuclei have a common cytoplasmic complement .

Apart from the B0, the other changes associated with vit.E
affect are variation of the nuclear number in gastric glands and
vitellarium. 7This variation further suggests the influence of vit.E
on mitotic divisions of certain specific cells. Interestingly, the
effect of vit.E on the bodywall causes its outgrowth and changes
the gorphology without changing the nuclear number. But in the gastric
glands and the vitellarium, the same material causes change in the
nitotic division without affecting the morphology. Thus the influence
of yit.E at these target tissues of the same organism is manifested in
two entirely different ways. The effect of vit.E on mitosis has not
been reported in any other animal. However, Hess £ Menzel (1965)
have desaribed an increase in the incidence of centriole in the
proximal convulted tutules of kidney of ret reared in the vit.E
deficient medium. It was suggested that vit.E may prevent-S group
(required for mitosis) oxidation, and hence vit.k deficiency may
inhabit the mitosis. It is also possible that increased amount of
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vit.L might protect the spindle from oxidation in the gastric glands
and vitellarium of Asplanchna, Lut Gilbert ¢ Thompson (1968) and
Birky & Gilbert, (1971) have stated that the different antic sidants
uldcnemicalsalliedtomoophemlsahowmorlitﬂeeffectmthe
respanses of Asplanchna, Henoe, it can be presumed that the effect
of tocopierol in Asplanchna is very specific and unique to the
organism, It will be & presature statement, if we make any further
assupticn about the details of the control mechanism of mitcsis
and B0 in Asplanchna, without a study et the molecular level.

The present cbservations reveal that ococytes in the ovary ,
maturing oocytes attached to the vitellarium and the emoryos of the
early sitotic phase are influenced by the inclusion of vit.E in the
diet, On the contrary embryos in which oxrgan differentiation has ooccured,
are not affected by changes in the maternal dist, and always hatch into
amictic fenales, This indicates that the embryos are labjile after their
detachment from the vitellsrium till they enter the post-mitotic phase.
hence, it appears that mictic production is not associated with maternal
nourishment of developing oocyte or oogenesis. Probably the inducing
molecules are taken up from the uterine flu.i.dinwhidiembrymdevelop.
This is in contrast to the oviparious developmant of other rotifers.
where fate of eggs to develop mictic or amictic is determined at the
time of their extrusion from the matermnal body, as reported by
Shull (1812) in Epiphanes senta, Buchner (1941) in Srachionus
calyciflorous & Keratella quadreta, and Rutter Kolisko (1964) in
B. yrubens.The long labile period in Asplanchna may be attributed to the
intrauterine development of the embryocs.

That vit.E doss not have any influence on the post-mitotic
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enbryos of A. brightwelli suggests that:-

The thick cell membrene of the post-mitotic embryo does
not permit entyy of the inducing molocule. Even if the inkueing molecules
have entered tne system they remain inactive, as the mitotic divi-
sicns nave ceased at an early stage of dewvelopment. The formar seems
to be more probable in the light of earlier reparts. Tanmreuther
(1913) described the development of the syncytial hypodermis and
regarded cuticle as & uniform amorphous secretion formed from the
hypodermal cells before birtn, Koechler (1965, 1966) has reported
in A, sieboldi that the embryonic integumsnt of the late stages is
8imilay to tnat of the acqult except that the hypodermal cells are
generally thicker, Further, Birky (1867b) , Gilbext (1968) and
Koeciler (1965b) nave explained that due to the hardening of the
cuticle, a few hours after birth the psuedocoel of the females are
not impregnated with sperms. All these evidences show that the
formation of the cuticle in the embryonic developmental phase itself .
may primarily forbia the entry of any inducer molacule into the system

of the post-mitotic exbryos.

The other possibility may be delay of the inducer molecules
10 reacn the target tissues. The intake of vit.E is through
paremecia on widen rotifers are fed. From the saccular stomach
they have to pass through the psuedocoel to the uterine chamber.
Post-mitotic development in Asplanchugis of about six liours duration
and if the inducer molacules fail to reach the target tissues well
ahead, they fail to exert any influence. In other words, post-mitotic
enbryos are not affected by dietary inclusions as embryogenesis is
possibly faster than the time taken by inducer molecules to reach the
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It may be recalled that a delayed action of the inducer mols-
cules is positively suggested by the results of experiment 4,4, wherein
organisms of the E; generation showed more mitotic traits than thosa
of B . )

It is evident from the experimental obsarvations (Chapter IV)
that vit.b does not change the physiology or morphology of the
organism permanantly. The inclusion of the dietary vit.E in the first
genaration brings out the low -humped intermediary (T) forms and later
the mictic forms. By removing vit.E fram the diet, nuclear number
inthegaatricglandsandvitenari\m,aswenasthedeg:eeof
development of humps decline gradually in subsequent generations
rather than ending abruptly in a single step. Magnitude of BWO and its
aexpression in subsequent generations a&re related to the initial
concentrations of tocopherol. When the initial concentretion is low,
the degree of expression of Loth show a decline. This suggests that
the magnitude of response is proportional to the endogenous inducep
molecyles present in the animal, in each generetion. The exact nature

of the inducing molecules and their effect in bringing forth the
miotic production in Asplanchna is yet to be determined. The effact

ﬁﬁt.zmﬂnrgmﬁmhmpmnmondﬂzmint}nr'z,
even though the F3 generations did not receive any additicnal
supply of vit.E (Bpt.s-") It is assumable that vit.E, rather than
being the inducer molecule initiates the formation of certain
active inducsre which promote mictic production ., The gradual
decline of influence of vit.E in sucoseding generations , reveals
ﬂmtﬂusynﬁulhOfwﬂwﬁmmrmhmhstﬂkeaplmaﬂyin
the presence of vit.E,
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Studies cn inheritance of the mictic response employing
5-methyl H3 - labelled DL alpha tocopherol (Chapter IV Expt, %.5)
y lelded valuaple results. In contrast to the above inferences, it
was observed that the labelled S-methyl vit.E was transmitted from
the mother to the progeny. The studies also proved the transmission
of methyl labelled vit.E through 4 - 5 generations in a receding
order. The first generation progeny received 0,142 ng/female and
in the fifth generation it was reduced to 0.000181 ng/female. With the
reduction of the labelled vit.E content a proporticnal decline in the
mictic response was observed in the subsequent generations. This
corraborates that the mictic trait, as expressed by the production of
mictic females, is directly proportional to the quantity of vit.E
Present in the organism. Further studies have shown that labelled vit.E
is directly passed on to the progeny causing a comparable decline in

the mictic expression from generation to generation.

Gilbert & Birky (1871) found that only DL tocopherol
influences the mictic production in Asplanchna, whereas the other forms
of vit,.E had negligible or no effect at all. This would suggest that
Dl tocopherol is specific in its action in inducing mictic production.
Horeover, no transformation of vit.E is suggested in studies with
labelled Di~tocopherol due to hydrolytic reactions (Rosenberg, 1945).
Experiments to extract and separate the vit,E contents in different
generations did not yield any result. Lack of labelled compounds and
technical difficulties which could not be overcome arrested furthep
studies. Though much more remains to be elucidated in the mode of
inheritance in general and quantitative aspects of transmission in
particular, what emerges cut of the present studies is fascinating
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that vit.E is transmitted in Asplanchna from generation to genera-
tion in all probability without any chemical change in transforma-

tion.
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SUMMARY

Certain aspects of develcpment and sexual trans-
formation in A. brightwelli and A. sieboldi have been
studied, Three phases namely, gametogenetic, mitotic and
post-mitotic phases of the course of development have been
distinguished.

Embyyonic development in Asplanchna in intra-
uterine, The maturing and immature cocytes are connected
to the vitellarium by broad cytoplasmic bands. Developing
embryos receive their cytoplasmic camplements from the
vitellarium. The mode of development of Asplanchna
represents a lower grade of organization as a viviparous
animal.

During the mitotic phase there is no increase in
the size of the embryo, DNA synthesis stops at different
times in different analgen. DNA synthesis in the vitellarium
indicates polyplodization of its nuclei. Developing embryos
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receive thsir nourishment from the vitellarium, including
ribosomal RiA, and cytoplasmic DNA, alongwith cytoplasmic
complements. Developing smbryos of the mitotic phase do

not synthesise RiA. Synthesis of RVA is resumed in the
post-nitotic embryos emcanittant with the cessation of

INA synthesis and sppearance of nucleoli. Protein synthesis is
a continuous process in the developing embryos and in the
vitellarium. The machinery for protein synthesis is supplied
by the vitellariun. In Asplanchna embryonic development. upto
crgan differentiation, is controlled by the cytoplasmic
complenents recsived fram the vitellarium (cytoplasmic DNA

and RNA).

Inocrporation of vit.E in the maternal diet influen-
ces the BW0 expression. It also effects a variation in the

nuclear number of gastric glands and vitellaxdum

vit.L is specific in its mode of action. Incorpore-
tion of vit.E produces entirely different responses at diffe-
rent target tissues, Morphological variations are caused in
the hypodermis, without affecting the nuclear divisions,
whareas nuclear divisions are accelerated in the vitellarium
and the gastric glands without causing any change in their
respective morphology. In mictic females, vit.E alters the
namal diploid maturation division, The effect of vit.E
continues upto the fifth generation, and the extent of
expression diminishes in succeeding gensrations. Effects
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ofvit.k;donotmaksapemtdaangeinﬁmmrphologyor
physiology of Asplancima . The level of response is proportional
to the amount of vit.E molecules present in the organism in

each generation.

Enbrycs of the mitotic phase are labile to the
influence of vit.E, The mictic female preduction is not asso-
ciated with the ocogenesis of the organism. Studies carried
out enploying lapelled tocophierol indicate the possibility
that the molecules of vit.k undergo no change in the oarganism
but are transmitted as such to ane generation from the other
with a reduction (70-908) in its percentage.

SeAaRaRatadan
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PLATE II

Fig.l.Vitellarium (1) with developing cocyte (%) in the
vitelline phase, lobed nucleoli (2) , ovary (3)
Acgtone fixed x 800

Fig.2.Vitellarium (1), Gelatin section S5 u showing
cocyte (5) x 1000

Fig.3.Developing embryo (4) of vitelline phase showing
ovary (3) and oocytes (5). Gelatin section 5 u x 1400

Fig.4.First cleavage of embryo forming the vegetalpole
(6) and animal pole (7) x 1600
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PLATE IIA

Fig. 5. IInd cleavage of the embryos forming D-cell (8)
and ABC blastomeres
Phase contrast photqnicrw

Fig. 6. Ilird cleavage dividing ABC cells in two tiers
forming 10 call stage

Phase contxast photanimgraph

x 1600

x 1600
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PLATE III

Fig. 1. Sterecblastula - with D-cell division forming
the primordial sex cell (10) and other two
cells (9). ABC blastomeres (11) divide and

encircle the D-quadrant cells.

Celatin section 5 u x 1600

Fig. 2. Sex primordial cell (10) divides forming

the ovary primordiun (12) and the vitelline

primordium (13). Proliferation of bodywall

forwing primoxdium of the pharynx (14)

Gelatin section S u % 1600
Fig. 3. Sagittal section of primordial ovary (12)
and pharyngial tube (14)

i sectien & & % 1500

Fig. 4. Pharyngial tube formation Ki5) ana owvary

prinordial cells (12)

x 1200






Fig.

Fig.

Fig,

1.

PLATE IV

Frontal section - showing the bilateral
symmetyy of the organ primordia.pharynx
(14) oesophagus (16) Nephwridiun (171)

gastric gland cells (18) svomach cells (19)

Gelatin section 5 u x 1000

Sagittal section, pharynx tube (15)

stomach (20) wvitellarium cells (13)

Gelatin section 5 u x 1200

Saggital section pharyngial tube
reaching the stomach. vitellaydium (1)

pharynx (21) gastric gland cells (18)

cesophagus (22) mouth (23)

Gelatin section 5 u x 1400
Section fully developed enmbryos .

Gtomach and pharynx (21) forming

the connection cesophagus (22)
moath (23)

Gelatin gection 5u

x 800
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PLATE V

Fig. 1. Autoradiograph of post-mitotic
anbr'yo-Ha-thymidim incorporation
in vitellarium (1). Only few vite~
1larium nuclear labelled (24)

=% minutes labelling 100 uc/ml

N x 600

Fig. 2. Autorediograph of the vitellarium

with 1 hr. labelling with Ho-thymidine
almost all the nuclei are heavily

labelled (24). cytoplasmic DNA spotted

(25) x 1000

Autoradiograph of vitellarium.

Continucus 3 has. labelling with
3 §oaid
H -thymidine. All the nuclei labelled

(24) alongwith cytoplasmic DNA (25) x 1400

Fig. 4, Autoradiogreph- HS thydinine labelled
developing ococyte (4) attached to
vitellarium (1) continuous In vivo
labelling for 3 l‘mm.CytoplasrnTcmA

labelled in the cocyta

x 1600






PLATE VA

Fig. 6. Autoradiogreph of mitotic stage
embryo (27)-In vitro 30 minutes
labelling- only certain cells are
labelled.

Fig. 5. Autoradiograph thymidine labelled
3 minutes. The nuclei (26) of

the ocoyte (M) is heavily labelled

x 800

x 800
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Fig. 1. Autaradiograph 15 minutes labellsd
H_thymidine. mitotic stage embryos
of the stereoblastula stage. D-cells
are not labelled. ABC blastomers

have incorporated labelled thymidine

27 * Bod

Fig. 2. Autoradiograph mitotic phase
30 minutes labelling, Only one cell
nucleus synthesise DNA (27).

cytoplasmic DNA labelled in certain

cells x 1400

Fig. 3. Autoradiograph post-mitotic embryo
15 mimites labelling certain vite-

llarium nuclei are labelled (2u) X 800
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PLATE VII

Fig. 1. Artaradiograph i’-uridine 30 minutes
labelling Heavy incorparation of uridine

in the nuclei (28) of the vitellarium x 600

Fig. 2. Autorediogrsph Ho-uridine 30 minutes
labelling cytoplasmic RNA (29) and

the nuclei heavily labelled (28) x 1600

Fig. 3. Autorediograph H® -uridine 1 minutes
labelling Developing embryo (4) in
the vitelline phase is balelled, other
mitotic stage embryos (30) have no
incorporetion of uridine x 400

Fig. 4. Autoradiograph Fig.3--enlarged. Heavily

labelled RNA passed fram the vittelarium

to the oocyte (32) Note: RNA passing from

the vittelarium to the oocyte (31) x 1200

Fig. 5. Autoradiograph 12 _uridine continuous 3
hrs, labelling- Vitellaxium dark labelled
(1) developing oocyte heavily labelled (4)

RNA in cocytes received from thevittelarium

gastric glands (33) also labelled, X 600

60 J&uma‘ii
w Bhowing the RNA (32)

labelling (4)

X 1600






PLATE VIII

Fig. 1. Autoradiocgraph K .upidine 5 minutes
labelling no incorporation of uridine

in developing cocyte x BOU

Fig. 2. Autoradiograph Ha-uridine 15 minutes

labelling mitotic stage embryo with-
out any incorporation of uridine RNA

synthesis coupletely absent in these

cells (39) x 800

Fig. 3. Autoradiograph i ~uridine 15 minutes
labelling enbryos at different stages

of developrent. No incorporation x 1000

i 3 < ae

toradiograph H™ —uridine post-mitotic
embryo almost 2ll the nuclei synthesise
RNA- in vitellarium (28) and gastric

glands (33) rapid synthesis takes place x 600






Fig. 1. Autcradiogreph K -lysine vitellarium

Fig.

Fig,

Fig,

heavily labellad (34)

2. Autcradiograph H ~-lysine embryo in

the divisional stage protein is labelled
(35)

< 3
3. Autoradiographi’ -lysine protein
heavily labelled

u. 3
Mitotic embryos heavy labelling of
protein

600

800

600

600






Fig. 5. Post-mitotic embryos autoradiograph

H® ~lysine heavy incorporation

Fig. 6. Autcradiogreph Hs—lysine fully deve-
loped embryo heavy incorporation of

lysine

x 800

% 800
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Fig. 1. Transitional loghumped form

Asplanchna brightielli x 250
Fig. 2. Fully humped Asplanchna brigntwelli x 250
Fig. 3, Fully mumped Asplanchna sieboldi x 250
Fig. 4. Male Asplanchna brightwelli x 400

C- Corona; Lii-Lorsal hump; Co-Copulatory organ; E-embryo
GR- Gastrie glands remenents; Li- Latexal humps: M-Mastax
S-Stomach; T-Testis






Fig. 1.

Flg, 2,

Fig. 3.

Fig. 4,

PLATE XIII

Fhase contrast photographs

Asplanchna sieboldi humped form

Asplanchna brightwelli hurped form

Asplanchna brishtwelli smictic
female

Asplanchna sieboldi male

300

300

300

400
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