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Tho developnment, maintenance and evélution of
forms are the fe:tures which are comuon t0 both the miltie
callular as well as the unicellular organimse. Some unie
cellular organims, such as many protozoamms exhibit a wide
diversity of structursl and functional features, rarely
ancountered in any single cell of multicellular organimse.
The confinement of all the vital and comrlex components
within the limit of an unicellular fom of life provides
us an unime advantage, for the investization of biological
organizations at tha gellular level.

Among the eiliated protesocans Jatrahvaena h:s besn
extensively used in several biological diaciplines like
goanetics, ceil and molecular biology, developnantal bLi%ogy
otc. Becmuse, it is easier ¥ hanile this organimm:. for
its rapid growth, gwnetic stadility md animsl dharacters.

In sultiecllular ergenime, the primary feature vhich
deter:incs the form znd 4zs chan:e 1a the 'skeletal' systeme
This {8 4n fom of fibrou:z mutrix in plants and chitinous
and bony materix in onimalae However, in single-celled
orgun e, this ic accompliched by the elsboration of the
cellular architecture vhich penches the highest dezree of
ermnloxity In clliate in the form of somplex Librillar



' corted « The cortex is a highly differentiated cell

surface comprising of ectoplasmic sculpturfag, multiple
pellicular membranes, rows of kinetosomes and other fibrie
llar structures.

The cortical patterm, its chemistry, morophology
and its development in the ciliated protozoan have been
one of the areas of major interest of study. Thus, there

have heen zeveral in depth studies of its fine structure
end developnent.

The cortex and its ciliary components appeared
to be very simple to the early blologists, using the 1light
microscopes. Howvever, the electron microscopic investigatien
has revealed the cortex as a structure of entirely unexpected
complexity (Lwoff, 19503 Corliss, 19523 Metz eand Westfall,
19543 Gibbons and Grimstone, 196€0).

The ciliate cortex is divided into a somatic cortex
congerned with protection and adhesion and oral cortex
for acquisition and ingestion of nutrients. However, the
cortical architecture is fundamentally similar in both.
It can be interpreted as a fabric composed primarily of
a large number of findamentally similar and unifomly
spaced oiliary units or kinetides (Pitelka, 19693 Ehret, 1960).
So the kinetids or cilla-kinectosome complex are the funda-
mental components of the ciliate cortex (Grain, 1969;



Pitelka, 19693 Senneborn, 1970)s In addition %o a cilium
and kinetosome or bBasal body the kinastid« includes a set

of membranes and assoclated fibrills, ocomrlexed into an
asyametric structure with a well definecd anterior posterior
and left right axis (Lynn, 1980). The ciliaryunits er
kinetids are themselve ordered into a characteristic
pattem, the most fmportant of which 1s the linearearray

of kinety or the ciliary rows parallel to the anterior
posterior axis of the cell (Lwof?, 1950) making the primary
meridiam. Other assoclation of somevhat modified ciliary

units ocour in compound organelles with specialigzed ingestae
tory functionsd 4.0

The ciliate cortex is a highly organized system
exhibiting a large number of different oth r structures
beside the clliary unit, such as micocyst pores located
betwean the cilia along the primary meridian and also
making up the secondary meridian, the parasomal sacs
microtubul es, contractile vacuwle pore« Three sets of
membranes, the outer pellioular (outer alveolar), inner
pellfdudar (inner alveolar) and the inner most cytoplammic
manbrane also contribute to the cortical pattern of ciliate
(Tokuyasu & Scherbaum 19653 Pitelka, 1961). Thisversatile
structurea of ciliate cortex obvicusly contridbute to the
diverse functional properties such as the nentainance of
the typical oiliate shape, impermeability to chemical
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substances, ciliate protection, serotype reaction of
ciliates and movement effected by the cilia.

The cortical architecture of Jetrahwicna. provides
an excellent oprortunity for analysis of cortical pattem.
It 1s fundamentally similar t0 the ciliate cortex in general.
Oral cortex of Tatrahvasna is more specialized exhibiting
four sets of membranelles in characteristic pattem, which
gives tetrahymona its name. Mmmz theése the undulating
menbrane is most praminent Seatureif. . 1)

The kinetosome or the basal body lying at the
origin of each cilium is the organizing centre. In adiition
to the function of providing the origin of the loommotory
unit organell i.e. the ¢ilium, it also provides the site
for nucleation of other microtubular orgaells ¢ new
basal body (Allem, 19693 Dipnek, 19(8). 'The kinetosemes
are self rep-odusing bodies (Lwoff, 1950) having genetic
materials within them.New basal bodies are added anterior
to the pre-existing one (Namey, 1971b, 1979). The basel
bodies in ciliates are homologous to the centrioles of the
mul ticellular organims (Pitelka, 1969)¢ $hey are arranged
in cortical rows which are 17«2} in number in tetrahymena
(Nanney, 19603 Frankel, 1980). The mumber of cortical
units or kinetids in tetrahymena are fairly constant in
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a particular strain but the mmber of cortical rows or
kineties may vary within certain range (Hanmney, 1971n).
his range of variation is alse constent for a particular
strain. This cortical stability pattem in strains of
tetrahymena 1s considered as potentially a useful meons
of discrimination of strains (Namey, 1963).

The cllia are the most praaminent gtrutfiural compo=
nemts of the eortex. It is ome of the first c¢ell orgenelle
to be investigated with the clectron microscope (Fawcett
and Porter 1954). /Mmong the most camplete deseriptien of
Istrahvesna cilia is that described by Gibbens (1563) and
Allen (1968b).

The cuter limiting membrans and the 9 + 2 array
of microtubulez of the axona predominate in the croass
section of these orgmnells. The limitinz membrane is a
contimiation of the outer pellioular manbrarie of the ocortex.
The detailed strueture includes9 pairs of periphoral microe
tubules, eadh pair oconsisting of a subfibre-is and sibfibre-B
and a pair of central microtules encloscd by a amtiral
gheath. The other components of the cilium include the
radially oriented spokes extending from central sheath to
~adh sub=fibre-A. The dense portion at the middle of ecach
radial spoke often interpreted as the secondary fibre,
oriented laggitudinally alonz the cilimms Two rows of short
projections, the dynein ams having ATPase activity are
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connected to the subfibre-A af each outer do tlet.

The essential structure of both the eilium and
the basal body is the microtubule . However, in haail
body, they are pre =t in 9 p:;iphem}. triplets of vhich
subfibre=A and subfibre-B are, oontimious with the doublet
nicrotubules of cilime The subfibre-C terminctes at the
orizin of the allium and the centrul pair of nicrotudule
is abszent in the basel body.

At the junction of the cilium and kinetosome,
there are various accessory structures . '‘tl gonnect them
with the membrane (Dentler 1377)s 7The central microtubule
cap eocnnects the central microtubules and the dorsal filament
iinks the outer doublet to the membrane. Boesidesthese,
various other fibres and tubules are associated with the
kinetosome complex wiich contibute to the cortical pattem
and involvédd in the eciliary beat (Allem 19&59).

The blochemistry of ailia and kinetosomes has been
more elusive than their morphology. Analysis of cilia has
indicated that the bulk of isolated material is protein
(hild, 1959), vhich accounts for 306 of the weight of the
£raction. The main protein is a globular protein i.e.,
Bubulin of molecular weight 55,000 Each microtubule is a
lincar assembly of t:bulin subunits vhich is a heterodimor



consisting of two apnarently non identical peoteins i.e.

*| =tubulin and £ -tubulin (Bryan & Wilsmn, 1571). /faino
acid sequenting revealed similarity of tubulin with actin.
It 1s rich in glutamic and aspartic aclide Tubulin feom
various sources has ne:rly fdmtical properties but recently
the difference of ciliary tubulin and flagellar tubulin

has bean found (Stephens 1977 & 1981).

The other protein componontia of the axenan include
dynein, noxin, calmodulin stce Dymein hoving Mg®* - ATPase
activity, sediments at different pates (145 dynain and 305
dynein) with molecular weight 600,000 (Gibbons and Grimstone
1963 & 1965). Nexin joins tho subfibroer of tw adjacent
doublet microtubule (Stephens 1974). Calmodulin has been
found to be assoclated with the 143 dynein and alao has
caleium depandent activity with molecular weight, 15,000
(Gerdon g% al. 1979).

At present, more a tempts have been nade to undere
atand the mechanism of tubulin assambly for the fomation
of microtubule vhich is only partially widerstood. Assadly
of tubulin sibunits starts with activatod ulin molocules
containing two tichtly hound OTP mola uloes, ona to ach of
the two tubulin miwmits(> amd £)e 1t proceeds through
both lateral snd lengitudinal esssaciation of tudulin molecules,
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The sequence of events which link the dimers to fom the
microtubule is stil) not dlearly known as all the observa-
tions were done jn yiirg. But the role of calcium in this
process of assambly is no doudbt important and is also facl~
litated by another protein i.e. microtubule associataed

pro teins (MAP3) .

For the further understanding of the complex mechanimm
involved in the assembly process of tubulin, various investie
gators have been trying with different types of known drugs
and chemicalse The ploneer work in this aspect was by
Borisy and Tayler (1967) who found out the binding of
colchicine to the microtubule subunit protein i.e. tubulin.
Now, it i3 clearly Enown that colchicine can block the poly-
merization of tubulin and thus inhibit cllia regeneration
in Teteshwmena (Rosenbaun and Carlson, 1969). Ethylaerylate
urea is also kmown t0 inhibit the polymerization process
and cilia rezeneration (Himes and Himes, 1980). The treatment
of cilia regemerating cells with actinomycine D, dinitrophenol,
puroaycin and cyclohexamide haveproved that cilia regenerating
cells to some extent require protein synthesig and DNA dependent
RNA symthesis (Remnestod, 19743 (Child, 1965). However, most
of the ciliary proteins come from the eytonlamaic pool.

Two different hypothesis have been postulated to
ewplain the mechanima of ciliary beats Ome explains the
co=0rdinated, squential, active contraction of the outer



fibre doudlets (M:.chin, 1998; Brokaw, 19663 Astbury gt. al.
1995). The other vhich is indic:ted also by high reseclution
al agtron microsoopy, shows the pairs of tubules instead of
undergoing any dhange in length, slide aleng each other
being attached at the base, suggesting the sliding-filement
medel which is similar %o muscle oontrnction (Brokaw, 1974
Satir, 1968),

The cilia which are the most fmportant structural
es well as functional oomponent of oortax have gnt the
uniqie property of receneratione The systems of regenerating
cilia in the protozosm have shown to offer many adventages
for the investization of various aspcots of the synthesis
and asemmbly of eiliary peeteins. These aspects of cilia
reganeration have been studied by several inveatigators
(Rosenbam, Carlsen, 1969; Castro gt ale 19733 Rannestad,
19743 Rodrignez end Remau A, 19803 Bi-d an! Zimmerman, 1980p
Keenan & ice, 19803 Quttman & ‘orevsky, 1980).

The present investigation has bdeen undertaken not
only to find cut the cllia regencration kinetics under our
experinental condition but alse t0 corralate differont moropho-
lozical changes of cortical structure thosa occur during the
proceas of cilia regeneration. Thig may uaravel some aspects
of the mechaniem and contrcvl process of the development of
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cellular organells in general, Purther understanding may

be obtained from the effect of cytochalasin B vhich is also
known to interfere various physiological process of cell
including the ¢ell motility, This may provide some additional
infomttion. to explain the regilation of cilia resemeration
and the synthesis of various componanta of the ciliary
apparatus in tetrshymena.



Iatrahwaena pyrifomis is a sindle celled cillated
protozoa. It is a freeliving ( a Tew are parasitic),
fresh water organim measuring about 50 u in length and
30 m in width, Normally in log phase of growth, it
has a seall pear shaped body not distingiishadle with
unaided eye, but the extreme plasticity of the tetrahymena
pellicle pemits oonsiderable temporary distortion. The
body is unifermly ciliated in longlitudinal rows or
kineties the mmber of vwhich va: ries from 17 « 23 and
altemate with secondary meridians of mucocyst pores. The
oral area is located cloze to the anterior pole of the
cell. A centrally positioned oval macromicleus is always
present, But the micromucleus may be absent in some
strainse A contractile vacuole is found in the posterior
part of the cell.

Sall._Culturet

For the present investigation, the organism used
is Tetrahwmena pyrdfomis (W) amicromuclate strain).
The organisms are altured .xemically at 24 & 2°C in the
laboratory in 2% proteosd peptone supplenented with 0.02%
liver extract. For the prep:ration of culture medium 2 gn
of proteose peptone with00.02 g liver extract is dissolved
in 100 ml of double distilled water in a 250 ml conical



flask, filtercd, carped vith cotton plug and,rapped
with aluminium foil and then the flasks are autoclaved
for 20 mimutes in 15 pasi. Flasks are inoculated
aseptically with 2 ml. of a 2«days old culture with
the help of a 2 ml. sterilized transfer pipette and is
allowed to grow for 2 days. The generation /< of
tetrahymcona in our experimental condition has been
found 0 be approximately two-hours and forty-five
ninutes.

For our experimental purpose 4 hours log phase

cultures are always selected vhen the cells are healthy
and actively swimming. The cells are harvested at room
temperature (24 & 2°C) by centrifugation at 200 - 300 rpm
using a lemi centrifugze for 3 « 4 minutes and are concentrated
twice by decantation of the supernatant and resuspended in
their original growth mediums The concentriated cells

wre immediately used for the experimental purpo:e.

The procedure for cilia computation is used as
described by Rosdnbaum and Carlson (1969). The whole
operation is carried out at 4°C using an ice bucket.



2 ml. of the concantrated cells re added to 5.0 ml. of
mediun A (10 mM “DTA + 50 mM Gy CnONa, pH 6.0) in a 15 ml.
screw cavped cemtrifuge tube (corning) and thoroughly mixed
by gentle shaking. After a mimute, 2 ml. of ice ocold double
distilled water is added and after 2 mimutes 0.25 ml. of

Oe2 MCaCl, is added. Then the suspension is mixed by
inverting the centrifugze tube several times. After

5 minutes the cell suspension is subjected t0 3 « 4 whearing
with a 10 ml. glass syringe fitted with a 10 gauze needle.

I mediately after decliiation procedure, the cell suspension
is centrifuged for 2 « 3 mimites and the supernatant is
decanted off and resuspended into the original growth
medium.

The deciiiated ceils are kept at room temperature
(2h & 2°C) and since deciliated cells are not motile,
cilia regeneration is monitered simply dy detemining
the percentaze of cells regaining motility with time.
At each hour following deciliation an aliquot of cells is
observed under the microscope using a hasmocytometer
and the mmber of motile and non-motile cells are counted
per Ol Cotlememe of the cell suspension. The percentage of
cells moving at a particular time, thus can be calculated
at different hours until hundred popcent of cells regain
their motility. Each experiment 13 repeated at lea:t for
four times.



Before mibjecting the cells to cytochalasin B
treatment, the extent of viability of the cells at diffe=-
rent concentrations of the chemical is taken into acocount.
The dose tolerance test has been done with cytochalasin B,
0.,001% t0 0.00%%. For each concentration of the chemical
the decilinted cells are kept in the broth containing the
chanical for ome hour and the percantage of viable cells
iz noted uging dye exclusion test (0.1% trypan blue).

In thiz test, the livingz cells first take the dye but
immadiately after a fow mimites the dye will bs excluded
out, vhereas the dead cells will retain the dye permanently.
The stock solution of cytochalasin B is prepared in M0
(10 mg/ml) and stored in the refrigerators The final
solution is prep:red in the tetrahymena culture medium

at the time of ewperiment. The c¢ell survival at various
concentrations is teken as an index to determine, vhether
at a particular concentration, the chemical had deleterious
effect or nots On the baals of dose tolerance test the
concentration of the chemical and the duration of treatment

are g0 selected as not to have any lethal effect on the
ciliate.
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To determine the duration and the tine of treatnent,
four simul taneocus experiments are earcriad outg
Yo ‘The celis are pretreated with cytochalasin B for

2 hour belore the cflia amputation precedure

and then the drug is § mediately wazred off,

2¢ The cells are pretreated for tw hours before
deciliation as well as through out the cllia
regeneration period.

Se The cells are treated for one hour irnmediately after
deciliation and then shifted to fresh mcdiume.

be Calls are only post treated thr-ugh out the ailia
reqjeneration period.

This » determined in sfmilar metliod as is done
in case of control ¢ella. The percentage of motile cells
1s ob:ained at different houra af:er deciliation by counte
in: the treated cells, both motile and nonemotile until
about hunired percent of cells regain their motility.

Jour dllferent sets ol experiments are carried out

obtain the avera o timinge. For each set of experiment
twenty counts are taken.
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For preliminary observation of cell morphology in
relation to their cortical pattem, oonventional light
micrescoplc studies are carried out using different
staining techniques with the help of Carl Zeiss Amplival
microscope (magnification x 160)s For this routine
observations of cells, (1) normal ciliated tetrahymena
(2) cells immediately after deciliation (3) cells with
regenerating e¢ilia 1.0. 2 hour after deciliation and

(4) cells of CCB treated at % hour after dect'iation are
studied.

For the preparation of slides drop o7 aliquote
is taken on a subbed slide (prepared with C.%% gelatin)
kept in a slanting position for few mimites for partial
dprying. Fixation is done with 113 aocatic anid and ethanol
for 5 minutes and dehydrated with absolute and SOX ethanol
for ten minutes in each. Finally the alides are stained
with dbuffered Giemsa (pH 7.0) and mounted with DPX.

The procadur: for preparation of negatively stained
siides is same as that followed for preparation of Giemsa
stalning. But here, the staining 4s done by putting a drop



(=2
S

of nigroaine (10K, prepared in double distilled water).

The proocedure is followed as daseribed in Chatton-
Lwoff silver impremation techniques Cells are prefixed
with chanpy a3 fixative ( 7 parts, 3% K, CrD, + 7 parts
1% CrPy + 4 parts 26 060,) for 2.3 mimites and then post
fixed vith Da Fano' s fixative (1 ga Cobalt nitrate + 1 m.
NaCl + 10 ml. fomalin + 90 ml. double distilled water)
for two hours. Samnles are prepared using si hed slides
kept in 3% silver nitrate solution for 1520 mimites in
cold and dark. Dehydration is done with 70¢, 8%, 95
and absolute ethanol, then with Xylene and finally mounted
in X, Mounted slides are then thoroughly emposed to dbright
snlight for the reduction of silver nitrate to metallic
silver,

for detailed observation of sell sur’ace morphology,
the cells observed in scamning electron microscope with the
help of a cmbrﬁga stersd scan «54e10, operated in 30 KV.
Cell samples of (1) nomal -:illated ecells (2) decilinted
colls at zero hour (3) cells Ath regenerating cille,
2 hour after decillation snd (&) CCB treated colls
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at % hour after deciliation are prepared. Prefixation

is done with 2.5 flutardialdehyde (in soidum cacodylate
buffer, pH 7.2) in cold for one hour. Cells are theroughly
washed in sodium cacodylate buffer and post fixed in ice
cold 1% ommium tetroxide for one hour. Osmium tetroxide
is completely removed by thorough washing with cacodylate
buffer. Dehydration is carried out at room température in
506, 7%, 90K i absolute ethanol and finally through two
changes of acetone. Thin layer of cells are taken on

a oover glass, lyophilized for 15 - 20 mimutes and placed
on metallic stubbs. Cell sample i3 coated with silver
200 A°® thick. Photo-nicrographs are taken at different
magnifications.

Gelatin (Bacteriologtcal) A@ws. athanol, acetic acid,
x/lene, acetone, DPX, EDTA, CRBODO%‘M. Cnfnz, ﬁﬁlzPO,‘.
KHZPO#. Kzﬁraﬂ.’, GrOB. &(WB) 20 NaCl, formalin are all
Analar zrade and ob ained from M/s BiH, india or M/s
Sarabhai M. Chenicals, India.

IM30, sodium cacodylate, hog liver extract, Qs:)“
are purchased from Sigma Chemical, U.S.A. Proteosepeptone
o obtained from Difeo Lahoratories, U.S«Ae and Glemsa
atrain is procured from British Drug House Ltd. Ingland.



Glutardialdehyde is purchased from Riedel, Dehainag
seel zesHannover and Cytochalasin B is procured from
Aldrich Chemical Coey Ue Aey, Trypan blue is obtained from
George Te Gurve Ltd., London and nigrosine from Loba

Chemie, Bombay.

Abbreviations useds

ZDTA
ﬁﬁema
KH PO,

K Cr 0
caCl,
CPs
Go(M05)
CHy CDOMe
AgNO,
M3

ces

-

-~

Fhtvieme dilamine tetra acetic acid
Sodium phosphate dibasic

Potasium phosphate 4 basic

-

-

-

-

Potasium dichromate
Calcium chloride
Chromium trioxide
Cobalt nitrate
Sodiun acetate
Silver nitrate

Dimethyl sulfoxide

-

Cytochalasin B



Ae Observations on the cell surface cortex of
Jetrahvnena nyrdformis

A series of cytolozical preparations using various
staining techniques have been made for an analysis of the
general morphology of the cortical structures in tetrahymena
for visualization of the cortex under 1ight micrescope.
The observations are further strengthen by a detailed
analyais of the cortical apchitecture of the ciliate with
the help of scanning electron microscopic observations.
The organism has a spindle shaped cell body, the surface
of which is uniformaly clliated. The cilia are the most
prominent structural component of the cell surface cortex
and are arranged in parallel rows of kineties as shown
in the photomicrographs of a normal tetrah mena (Figs. 2 &
3). 3ince the cilia ars very minute and submicrosconic
structures, they are not scen in the 1ight microscopic
observation but their positions are reprezented by the
elliary graves from vhere, they originate (Fig. 4). The
kineties are arranged in an anterior posterior direction
making the primary meridian altemating with the seconfiary
meridian of mucocyst pores seen as rows of pitas. The oral
area is located close to the anterior pole (Fig. 5).

Thuua



Fig. 2. Scamning electron micrograph of
W. showing ventral view. Arrow (1)
cates the oral end X4950.

Fig. 3. Scamning electron microzraph of Mmﬂ
showing the lateral viewe. Armwzin cates
the oral end X43704.
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Vmera

Einatica of 4 4 Hezdanerationt

Immediately after deciliation all the cells are
found to be immotile and they settled at the botiom.
Howvever, within very short time after the cilia amputae-
tion a few cells show abcrrent type of movement. These
cells slowly rotate on their longitudinal axis and a few
of them display a circular motion moving along a short
aircular path. 5til]l a few show nonedirected, Jerky
movaaent, However, all these cells are not considered
t0 be motile cells for our cell motility count. A cell,
for our experimental nurnose, is considered to be motile
when 4t shows the tynical ciliary motion as f~und in a
nommal tetrahymena. At one hour after deciliation

ca. 15% of cells have regained their motility vhile by
second hour the motility index reaches up to ca.50%.

By next hour, about 75% of cells become motile and almost
all cells display the typical ciliary locomotion at the
end of fourth hour. Howaver, our observation at fifth
hour of deciliation shows almost no immotile cells, indicate
ing a oomplete ciliogenesis in about 100% of decilinted
totrshymenae (Figs. 6 & 7).

It has been ohsarved that the deciliation procedure
carried out in 00ld (ca. 4°C) is most suiteble in contrast
to the room temperature (ca. 22°C), vhere a cell lysis
Detween 20 « 29% has heen found to ocours
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General morphological pa-tem of the cortex shows
variocus kinds of alterations after the cilia are removed.
Instead of the typlcal spindle shape, many cells exhibit
a spherical fom as depicted in Fig. 8 & S. In the
deciliated mlla,mwszginmea are indistinet vhen observed
under light microscopes This indicates, the absence of
ciliae. 3ut, in the scanning electron microscopic observe-
tion the ciliary groves look quite praminent and devoid
of eilia (Figse 10 & 11).

In the c¢ilia regencrating cells, at two hour after
deciliation, though mpat of the cells regain their typical
cell shape, a few are still seen to be abnommal (Fig. 12).
When the call sample at this hour are obaerved, it has
been found that the cell population contain. a mixture
of both ciliated and deciliated cells. However, scanning
electron microscopic study show that most of the cells
which are observed at this hour do not poasess the full
complement of ciliary mumbers. In fact, the tetrahynonae
around this hour be:r a few cilia on the cell surface
(Fige 13)¢ This situntion might have been possibly due
to the fragile nature of the nevly fomed oilia, vhich are
more sensitive, as compared to the cilia of the normal
caolls, to the fixation procedures needed for scaming
elaectron microscopic observations.
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Fig. 8. g. ‘ i8 immediately after deciliation
ote the rounded up and er vacuolated
conditions of the cell, emsa stained X 160.

Fige Q. &w a group of Te 1 immediately
after deciliation. Iﬁimsa stained X&3.
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Fige 10 Scanning electron
micrograph of anterior end

of T. immediately
aft%r g% X 24300

Fig. 11 A deciliated
I. pyriformis XB505.
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Fige 12. A group of I. £a two hours after
deciliation. a woff silver Imprignation
technique X100,

Fig. 13. Scanmning electron micrograph of Wﬂ
two hours after deciliation of .



The drmug CCB, which is well known for producing
various kinds of cellular changes has been administered
to tetrsh'mena in order to investigate its efect on
c¢ilia recmeration process. It has been found out that
the ciliates can tolerate high dose of CCB unlike the
mammalian cells for a prolonged period of time, PFor
excmple a concentration of 25 ,ug/m)l of CCB produces 1ittle
effect on tetrashvmens and causes almost no lethality.
On the basis of a dose tolerance exporiment, a ccncantration
of 20 u @ /ml. (0.002%) of CCB has been found to be most
suitable for our experimental purpose. At this dos=e, 1008
of cell survival has been obtained and no alteration in
the cell morphology has been detectel, even vhen the cells
are treated with the drug for 24 hours or 0.

Four types of experiments have been oconducted with
CCB on deciliated tetrahmenses
1. When the ciliates are pretreatad for two hours with
C’B prior to their deciliation, the regeneration
kinetics of the eilia remain unaffected f.e. around

fourth hour after the deciliation, almost total recovery

in cell motility has been noticd stmilar to that
of the untreated cellse.
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When the tetrshymenae are treated with CCB
immediately after deciliation procedure and kept
in the drug through out the cilia - regeneration
period f.e. for five hours, a lag period of one
hour i1s noticed before any cell can regain its
motility. However, at later hours, the cells
slowly recover sonévhat Crom this initial la- and,
at about £ifth hour after deciliation thay show
about more than 90K motility similar to that of
the control.

The prewtrea-tment for two hours and postetreatment
(after deciliation) for five hours show an identical
result like that of mmber 2 i.e. only an initial
lag of one hour in cell motiiity has been observed.

Poste~treatnment with CCB for one hour alene, immediately
after deciliation also shows similar type of result

as that of mrber-3, S0 in effect, the one hour treat-
mant of CCB immediately after deciiiation treatment is
enouzh % produce the initial lage of one hour in the
siliary motion in tetrahymena. The affect of CCB
Trastnent on the process of cilia regeneration has

baen suwmmerised and depicted in the Fig. 1.
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The effect of cytochalasin B on cilia
regeneration timing, The fisure denicts
the summary of four experiments wit
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Although CCB does not produce any visible effect
on cell morphology in nomal tetrahymena, it produces
a remarkable effect on the deciliated cells. In many
deciliated and CCB treatad ocells a pronounced alteration
in the cell morphology has boen observed. These cells
in many cases demonstrate a change in their cell shape
and these changes are quite visible in light and scanning
electron microsoope. In moat of the cases, the oontour
of the (B treated deciliated tetrahymenae, arpeared
to be twisted and as a result, the arrangement of the
kineties are alao found to be quite distorteds In
untreated o¢lls rarely such aberrent morphological feature
has been encountered. The morphological changes in CCB
treated cells together with the changes in the cortical
architecture are shown in Figs. 15 to 20.



Fig..15. Deciliated
I. pyriformig X3645

Fig. 16. Deciliated and
cytochalasin B tpeated
Te pyriformis. Note
the twisted cellulapr

apparance of the ciliates
X 3150.




Fige 17. A group of T, pyriformis deciliated and
cytochalasin B treated Chattow-lwoff silver
imprignation tecinique X100.

Fige 8. Scaming electron micrograph of T. pyriformis
deeilated and cvtochalasin B treated XB550."



Fige 19, The caudal
fesion of a deciliated

mﬂ%. Scanning
electron

X22525.

Fig. 20. Caudal region
of a deciliated and
cytochalasin B treated
T, pyriformis. Note the
distorted caudal regilon
and the rows of kineties.
Scamning electron micro-
graph X20825.
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There are several studies on the regmeration
process of cilia and flagella which have been tried to
unravel the phenomenon of ciliogenesis both at morpholo-
glocal as well as biochemical level (Child, 19653 Auclair,
Siegel, 1966; Rosembaum, Child, 1967, Rosenbaum and
Carloon, 19693 Castro, Colon gk gl. 19733 Rannestad, 19743
Bird and M«mmﬁiﬁt‘mm;& Jorowveky, 1979; Keenan and
Rice, 1803 Rodrimmez and Renaud, 1980). However the
process 6 asssubly of ciliary components, their transfer
and logation at specific aites on the ciliate cortex is
8:ill not clearly understood. Moreover the various
complex molecular interactiong, which are involved in the
regulation of cilia regeneration as revealed from the
work of the above mentioned investigators, still remain
largely wnresvived.

Our study on the timing of ecilia regemeration in
Iatrahvmens pyrifornis is mere or less consistent with
that of Rosenbaum and Carleon(1968) and Guttsan and
Goroviky (1979). Under our déxperimental oconditions, a
total cessation of cell motility hag bam observed
imadiately after the deciliation treatnent, indicating



an almost total removal of cilia from the cell surface. This
has beens confimed from the scamning electron microscopic
observations. About an hour after deciliation of the tetra-
hymena, a ssall pppulation of cells begin to move aroumnd,
However, a few cells can be seen moving even within 30 minmutes
after deciliation treatment. At later period, there is a rapid
increase in the number of motile cclls and at third hour after
deciliation, approximately 7% of cells become fully motile,
reaching upto almost 100% level around fourth hour., Rosenbaum
and Carlson (1969) and Quttman and Gorovsky (1979) have observed
a oomplete cilia regemeration in tetrahymena within 90 mimites
aftar deciliation vhich is fairly a shorter period compared

to our experimental resilts. This difference i) the cilia
regeneration kinetics can probably de attributed to the
difference in experimental conditions viz., growth condition,
tempsrature, pH, the parti-ular strain of tetrahymena used etc.

We have cbserved that there exists quite a large
range of difference in the timing of resumption of motility
of the individual cell at any given time. For example,
some cells regenerate their cilia as early as within 30
minutes after deciliation vhereas others need as long as
34 hours. Other investigators have also observed similar
variations in the timing of cilia regmeration. These
differences can possibly be explained by the asynchronous
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state 0f the emperimental cells. It is quite plausible
that since the cells remain at various phases of ocell
cgydle, they will have differences also in their physioe
logical states (metabolic oconditions), which are reflected

in early or delayed regameration process of the cliliary
apparatuge

The aberrant behaviour of cell movement which has
bean observed in some cells at early phase after the
deciliation in our experiments oould be due to the short
and partial or preferential cilia regemeration at partisular
area of the cortex which causes the calls to rotate more
than to progress. Similar kind of observations have also
been reported by Guttman and Gorovaky (1979).

Imnodiately after deciliation aome changes of cell
morphology have been noticed in Jetrahvmepa Pyrifomis.
The ocells become 1ittle abnomal in shape and msatly they
sssume a spherical oconfiguration. Within about two hours,
however, most of the cells regain their nomal spindle
shaped form. This morphological alteration could possibly
be due to the action of certain chemical ocomponents present
in the deciliating agent. As there are several murface
acting chemicols e.g. BOTA, Ca®® etc. present in this
medium, premmedly these chemicals miht prodice some
tramsient effects resulting in the change of the cell zhapes
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The mode of action of the deciliating agent is not
clearly understoods It is believed that EDTA plays the
main role in the detachment of cilia from the cortex and
addition of Ca'’ to the deciliating agent causes the
destabilization of the cortex, as "the nomal stability
of the cell surface requires a critical level of Ca'’.

The formation of cilium, which requires the
synthesis, localisation and assembly of fresh ciliary
componants, is thought to be stimulated by the deciliation
treatment. It has been reported that the gynthesis of
tubulin (the main protein component of cilia) isthighly
sensitive to deciliation treatment (Bird and Zimmerman,
1980). For the formation of cilia although most of the
protein s.;mits are available from cytoplasmic pool, a
minor portion is syntheasised freshly during the regemneration
process (Nelson, 1975).

Many workers hav: used various kinds of inhibitors
for a better understanding of eflicgenesis. For the synthe-
sis of c¢iliary proteins such as tubulin, dmein etc., the
transoription of specific mRNA and their translation to
the protein subunits are requireds These protein subunite



reassemble to form the microtubules and their final
arranzenent leads t the fomation of cilia. The regenera-
tion of cilia, thus, can be blocked at any of these steps.
Rosenbaum and Carlson (1969) have shown that the treatment
of colchicine can inhibit the cilia regeneration
irreversiblys Other investigators in this field have
tried with the inhibitors of protein synthesis and also
vith actinomycin D t0 explain the regulation of this
regeneration process (Child, 19653 Nelson, 1975). Castro
at al. (1973) showed that treatment of melatonin, a
plan:homone, on the deciliated cells causes a delay in
thecilia regeneration timing.

Our investigation with a fungal metabolite,
cytochalasin B on the cilia regeneration has shown t:at
this dmag affects the cilia regeneration kinetics. In
an earlier study Himes and Himes (1930) have used ethyl
acetyl acrylate, an analog of cytochalasineA vhich
inhibits the assembly process of tubulin.

Cytochalasin-B has been known to produce a mmber
of diverse cellular efféots (Carter, 1967). It causes a
marked alteration of cell morphology. Carter, (1967)
has reported flattned shape of fibroblast cells caused
by CCB at a dose of 1 ug/ml. Sanger and Holtzer (1972)
observed a branched cellular configuration and inhibition
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of oell movament brought about by CB in fibroblast and
myosdblast cells. Recently in 1979, Devoy gt al+s in their
eperinent on chick messdem cells have found mprpholozical
alterations caused by CCB., However, these effects are not
obgerved for all cell types. 30 4t haa been suggested
that the differences in response to CCB may preflect
fundamental differences in cell surfaces (Copeland, 1873).

Cytochalasin B has also bDean knmown to affect the
cellular adhesion reaction (Sanger and Holtzer, 1972)
and to cmise miclear extrusion (Carter, 1967). The inhidition
of miocopolysacharide biosynthesis in yitrg by CCB has
8180 been observed (Sanger and Holtzer, 1972).

Besides the morphological alterations the drug alse
brings about a lot of alterations in the physiclogy of the
cellse It causes a depression in phagooytic activity in
hunan Blood laucooytes (Malswista, 1971). This drug also
has bDemn knownn to induce some adnomalitics in the mitotio
procesa with inhidbition of cytokineals resulting in the
form:tion of multinucleated aells (Carter, 19673 Krishen
and Ray Chowdwmry, 1969).

Many investigators also have obsarved that CCB has
nany adverse effects on the microfilaments, especlally
studied on the cytoskeletal and contractile ¢lements

Gortad



(Coldnan gi. ules 19733 Edds, 1930; Temmink and Spiele,
1981). The drug blocks the polymerization of actin
f1lament by binding to its end (Jpudich & Lin, 1972; Brown
and Spudich, 19793 Fox and Phillips, 1981).

Our results with C(B on the ciliogenesia of
Jetranmena pyrdfommia demonstrate that when the drug
is administered prior to the deciliatitm treatment, it
do-3 not brinz ebout any alteration in the timing of cilia
regeneration. This nrobably indicates that the cells with
intact cilia, cell membrane and the mucopolysaccharide
coat do not permit the drug to enter inside the sell, or
may be the bindin:; site for CCB is not exposeds This
chamical becomes effective only vhen the ciliates are
demaded. It is quite obvious from our data that the prooeass
of cilia regeneration ramains inhibited for about an hour,
vhen CCB is applied irmediately after deciliation. However,
at later paricds they show increased motility albeit at a
lower level ocompared to the intreated cells. Around fifth
hour after deciliation, the recovery in cell motility
nrocess is much aocelerated and becomes almost camparable
to th:t of the conirol:cells. The pre & post treatment with
C(B does not bring about any additive effect resulting in
any greater inhibition in cilia regeneration. Moreover,



CCB post tre:xtment for lon:er than one hour also does

not caise any greater supprossion in cell motility. So

we can conclude that post treatment of CCB for one hour
immediately after deciliation is most effective in causing
alteration in the timing of cilia regeneration. In this
¢ontext, it is tnteresting to observe that smthesis of

a# 50,000 dalton protein (deciliation induced protein, DIP)
begins shortly after the cells are deciliated. The

s nthesls of this nrotain declines around one hour after
deciliation. The synthesis of tubulin ( 55,000 dalton
protein) can be detected onlv one hour after deciliation
(Guttman and Gorovsky, 1979). It is % tempting to
speculate that CCB vhich is only effective during the
first hour after deciliation might interfere with this

JIP proteins theredy causing a lag in the cilia regeneration
processe

A remarkeble effect of CCB treatment which is
revealed by our scanning electron microscopic observations,
is the alteration of oell morphologye Ve have consistently
obgerv-d that CCB post treatment produces bizzars cell
shape. Many of the treated cells display a distorted
contour and twisted appearance. High res lution scanning
elegtron microscopic study reveals that the cell surface
ocortex 1s also distwrbed and the orderly rows of kineties



become disarraved due to the treatment of the drug. This
kind of aberrant cell morphology has seldom been encountered
in the drug untreated cells. This kind of contorted
appearance of CCB treated cells are regulated dback to the
nomal shape at later periods Many kinds of such morpho=
logical changes have also been reported by various other
investig:tors. Dé voy gk ales (1979) observed a rounding
up off cells o chick mesoderm treated with this chemical.
CCB causes an immediate distortion in cell morphology in
ooelomocyte cells (Edds, 1920). Britch and Aller (1981)
have cbserved morphological changes with disruption of
microfilament in normal rat liver cells and hepatoma
darived cellw~lin:. CCB 1s also known to sause a change

in cell morphology of 373 cells (Temnink and Spiele, 1981).
Thias kind of effect can possibly be correlated withthe
agtion of CCB on the cell surface components of tetrshymema.
Hecently the major cytodgkeletal proteins of the ocell

surface in tetrehymena have bean identified and observed
wnder slectron microscope. It has also been found that the
' epiplasd 1is a contimwus layer of fibrous elements found
Just below the surface membrane. It has also been indicated
that the actin protein might also be present in this
epiplasmic layer (¥Williams s Vaudax 1979; and Vaudax-William,
1979). It is already knowthat CCB greatly interferes with



the polymerization and eiongation process of the actim
filaments (Spudich and Lin, 1972; Brown and Spudich, 1979;
Fox and Phillips, 1981). So it will not be unreasonable to
conclude that the alterations in the surface architecture

of the oiliate cortex oould be due to the action of CCB

on the cytoskeclatal preoteins including actin. However,

a similar kind of speculation has also been made that

the morphological alterations ars to be due to an effect

of CCB on the cytoskeletom vwhich ocould de a dircct disruptive
effect or dlaruption of microfilament of the oell surface
(Goldman 8§ ales 1973; De voyi ingland gh ale, 1979).

We can oonciude that the changed cell surface topography
may ‘herefore, aifect the precise steps ol amthesis,
assaubly and transport of the ciliary components by sltering
the spatial arrang=ment of cilia on the cortex, This,
intam, leads to the change of cilia regeneratiom kinetics.
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Ciliated protozoan, Istrahwaana nyrciformia (w)
are deciliated by EDTA and Ca'* pulse methed

and the cilia regeneration kinetics as well as
the morphology of the cell surface cortex during
the cilis regeneration are studied with light

mnicroscope and in more detail bBy scamming ¢lectron
microscopy.

It has been observed that a small population of

oells slowly start moving at about one hour after
deciliation and after this, the motility indest

slowly increases, sich that, after four. of deciliation
almo st all cells regenerate their ciliary apparatuse

The observation of cell surface morphology shows that,
immediately after deciliation all the cells are
completely devoid of cilia and a few cells show a
spherical shape.

Cytochalasin B vhich is well known to cause various
physiologzical as well as morphological alterations
of the cells viz., phagocytosia, pinocytosis, cell
motility and polymerization of actin filament etc.
has been administered to see the effect of the drug
on the cilia regencration of tetrahymena. In our
study 41t has been conaistantly observed that this
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drug produces a lag period of one hour in the
cilia reganeration timing. But however, the

effect is tamporary and after the lag perioed

the cells slovly recover to the nomal level

at about fifth hour after deciliation.

Cytochalasin B alao causes a remarkadle change
in the morpholo:zy of the cell surface cortex.
Mainly it causes a twisted configiration of the
cortical pattern with distorted rows of kineties.

It is postulated that these observed effects of
cytochalaain B en the cilia rezeneration timing
and the morphology of the cortex can be due to oo
reasons. The drug may interfer wvith the syhthesis
of DIP proteins or the protein components of cell
surface viz. actine It may be also possible that
the drug may a‘fect both these protein components
simul taneously to bring the:e observed alterations.
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