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Centrioles and
Basal Bodies

drical, rod-shaped, microtubul ar structures, called cen

trioles, near thenucleus. Centrioleslack limiting mem-
braneand DNA or RNA andformaspindleof microtubules, the
mitotic apparatus during mitosisor meiosisand sometimes get
arranged just beneath the plasma membrane to form and bear
flagellaor ciliain flagellated or ciliated cells (Fulton, 1971).
When acentriole bearsaflagellumor cilium, itiscalled basal
body. There are many synonyms for basal body, including
kinetosome, blepharoplast, basal granule, basal corpuscle, and
proximal centriole.

Due to the classic works of Henneguy and L enhossek
(1897), it has been proposed that basal bodies of cilia and
flagella are homologous with the centrioles found in mitotic
spindle.

C ytoplasm of some eukaryotic cells containstwo cylin

A dividing fibroblast.

OCCURRENCE

Centrioles occur in most algal cells (notable exception
being red algae), moss cells, some fern cells and most animal
cells. They are absent in prokaryotes, red algae, yeast, cone-
bearing and flowering plants (conifers and angiosperms) and
somenon-flagellated or non-ciliated protozoans(suchasamoe-
bae). Some speci esof amoebae haveaflagellated stageaswell
as an amoeboid stage ; a centriole develops during the flagel -
lated stage but disappears during the amoeboid stage.
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STRUCTURE

Centriolesand basal bodiesarecylindri-

cal structureswhichare0.15-0.25umindiam-

eter usually 0.3-0.7uminlength, though, some

are as short as 0.16um and others are aslong

as8um (seeFulton, 1971). Both havefollow-
ing ultrastructural components:

1. Cylinder Wall

Themost strikingandregul ar ultrastruc-
tural feature of centrioles and basal bodiesis
the array of ninetriplet microtubules equally
spaced arround the perimeter of animaginary
cylinder (Fig. 16.1). The space between and
immediately aroundthetripletisfilledwithan
amorphous, €l ectron-densematerial. Intrans-
verse section the triplets are arranged like
vanes or blades of pinwheel or turbine. Each
triplet or blade is tilted inward to the central
axisat an angle of about 450 to the circumfer-
ence; within each bladethetubulestwist from | Fig. 16.1. Cross-sectional structureof acentriole. There
one end to the other or describe a helica are nine groups of three microtubules (after
course. Since centrioles have no outer mem- De Witt, 1977).
brane, the triplets are considered to form the
wall of the cylinder, and arbitrarily define the inside and outside of the centriole.

microtubules
-

2. Triplets

The ninetripletsthat make up thewall are basically similar in centrioles and basal bodies. The
three subunit microtubules have been designated A, B, and C, with the innermost tubule being A.
Individual tubulesare 200-260A° in diameter. Only the A tubuleisround ; the othersareincompl ete,
C-shaped and share their wall with the preceding tubule. At both ends the C tubul e often terminates
before the A and B tubules.

The substructure of A, B and C tubules, is similar to the structure of other microtubules
(Stephens, 1970). The A tubulehas 13, 40-45A° globular subunitsaroundits perimeter. Threeor four
of these subunits are shared with the B tubules, which in turn share several of its subunitswith the C
tubules.

Often the triplets are thought to run parallel to one another and to the long axis of the cylinder,
but thisisnot alwaysthe case. Inthebasal bodiesof some organisms, thetripletsget closer toward the
proximal end, so the diameter of the cylinder gets smaller. In some centriolesthetriplets are parallel
to one another but turn in along-pitched helix with respect to the cylinder axis (Fulton, 1971).

3. Linkers

TheA tubule of eachtriplet islinked with C tubule of neighbouring triplet by proteinlinker sat
intervals along their entire length. These linkers hold the cylindrical array of the microtubules and
maintain the typical radial tilt of the triplets.

4. Cartwheel

There are no central microtubules in the centrioles and no special arms. However, often faint
proteinspokesareradiateout to eachtriplet fromacentral core, formingapatternlikeacartwhedl. Such
acartwheel configuration determinesthe proximal end of acentriole and, thus, providesastructural
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and functional polarity to it. The
growth of the centriole takes place _
fromthedistal end, andinthecaseof | € B A QHRTCIREN S
basal bodies, it is from this end that
cilium is formed. Moreover, the
procentrioleswhichareformedatright
angles to the centriole, are located
near the proximal end.

5. Ciliary Rootlets

In some cells, from the basd

ends of the basal bodies originate the Fig. 16.2. Ultrastructure of a centriole (after Albertset al.,
ciliary rootletswhich areof following 1989).

two types:

(i) Tubular root
basal body fibrils. Thetubular root fibrils
F.-i have the diameter of 200A°.

ii) Striated rootlets.
[ | " | 1 l--T [ BB ll*l (”)
A e T o

rootlets Most ciliary rootlets are stri-
+ By, s I o o e ated, having a regular cross-
A ol
|| - B

basal body

banding with arepeating pe-
riod of 55 to 70 nm. The stri-
atedfibresof rootletsarecom-
Fig. 16.3. Relation of rootlets with the basal bodly. posed of parallel microfila-
ments; 3to 7 nmindiameter,
which in turn are formed of globular subunits. These fibres and filaments may have a structural role
such as anchoring the basal body. Dueto microfilaments, ciliary rootlets also have acontractilerole.
Therootlet may be double (e.g., molluscs) or single (e.g., the frog Rana).

rootlet

6. Basal Feet and Satellites

The basal feet are dense processes that are arranged perpendicularly to the basal body. These
processesimpose astructural asymmetry on the basal body that isrelated with direction of theciliary
beat. A basal footiscomposed of microfilamentsthat terminateinadensebar. It may act asafocal point
for the convergence of microtubules.

Satellitesor pericentriolar bodiesareelectron-densestructureslying near thecentriolethat are
probably nucleating sites for the microtubul es.

CHEMICAL COMPOSITION

The microtubules of centrioles and basal bodies contain the structural protein, tubulin, along
with lipid molecules (Fulton, 1971). The centrioles and basal bodies contain a high concentration of
ATPase enzyme. There exists acontroversy that whether centrioles and basal bodies have DNA and
RNA. Fulton (1971) has doubted the presence of nucleic acids in these organelles.

ORIGIN OF CENTRIOLES AND BASAL BODIES

Theideaprevalent yearsago that new centriolesarise by thedivision of existing centriolesisno
longer accepted. Rather it appearsthat new centrioles are either produced de novo or are synthesized
using an existng centriol e as some form of template (semi-autonomous replication).

1. Origin of centrioles by duplication of pre-existing centrioles. In cultured fibroblasts,
centriole doubling begins at around the time that DNA synthesis begins (interphase). First the two
members of apair of centrioles separate ; then a daughter centriole, called procentriole, is formed
perpendicular to each original centriole, the two organelles being separated from each other by a
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distance of 50 to 100 nm. An immature centriole
contains a ninefold symmetric array of single

Atubdle wbule ¢ wpule microtubules ; each microtubul e then presumably acts
¥ asatemplatefor theassembly of thetriplet microtubules

of mature centrioles. Each daughter centriole growsto

_|':- mature size in late prophase maintaining their close

s By proximity toand orientaton at right anglestothemother

1 |__'I " centriole. Asaresult, whentheinterphasenuclei reform
pericentriolar at theend of nuclear division, acentrosome containing

material (PCM)

two centrioles exists beside each nucleus.

Development of centriole (or basal body) has
been studied in the ciliates Paramecium and Tetrahy-
menaandintracheal epithelium of Xenopusand chicks.
The stages of devel opment arevirtually thesameinall
of them. Development of abasal body beginswith the
formation of a single microtubule in an amorphous
mass. Microtubules are added one at atime until there
isan equally spaced ring of nine. Asthe microtubules
appear, the amorphous mass islost, as though it were
being consumed in the production of themicrotubul es.
Thereissomeevidencethat connectivesexist between
the microtubules, which could act to set the distance
between them. Thus, aring of nine complete microtu-
bules (i.e., A tubules) is formed. The C-shaped B
microtubul edevel op next andfinally the C mirotubules
are added. The hub and cartwheel are added in the
centre. The A-C links are not established until theend

Structure of the centrosome. of development (see Sheeler and Bianchi, 1987).

2.0riginof basal bodies. Inaciliated vertabrate
cell, which may contain hundredsof cilia, the centriol esof the precursor cell giverisetothemany basal
bodies required to nucleate the ciliain the mature cell. For example, during the differentiation of the
ciliated epithelial cellsthat linethe oviduct and thetrachea, the centriole pair migratesfromitsnormal
location near thenucleustotheapical region of thecell wheretheciliawill form. There, insteadforming
asingle daughter centriolein the typical manner, each centriolein the pair forms numerous el ectron-
dense fibrogranular satellites. Many basal bodies then arise from these satellites and migrate to the
membrane to initiate the formation of cilia.

3. Thedenovoorigin of centriolesand basal bodies. There are certain caseswhere centrioles
seem to arise de novo. For example, unfertilized eggs of many animalslack functional centriolesand
usethespermcentriolefor thefirst mitoticdivision (for cleavage), however, under certainexperimental
conditions— such as extreme ionic imbalance or electrical stimulation—the unfertilized egg can
produce a variable number of centrioles. Each of these centrioles nucleates the formation of asmall
aster, one of which can be used by the egg for cleavage division, so that a haploid organism devlops
by a process called parthenogenesis. In fact, centriole precursors are stored in the cytoplasm of
unfertilized eggs and can be activated to form a new centriole under special situation.

Like the centrioles, the basal bodies are found to possess some capacity for self-assembly and
they appear suddenly in Naegleriaasit changesfrom itsamoeboid form to atypical ciliate (see Reid
and L eech, 1980).

Theunusual mode of duplication of centriolesand their continuity over many generationsledto
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the earlier suggestion that centrioles might be fully autonomous, self-replicating organelles.
Although it isnow known that thisis not the case and that under certain situation centrioles can arise
denovointhecytoplasm. So, it ispossible that someinformation necessary for centrioleformationis
usually carriedinthe centrioleitself (just asthereplication of mitochondriaand chloroplasts depends
on extrachromosomal genescarriedintheorganelles). For example, in Chlamydomonasaset of genes
that encode proteinsinvolved in basal body structure and flagellar assembly is carried on a separate
genetic element that segregate independently of the major chromosomes. The nature and location of
this genetic element have still to be investigated (Ramanisand L uck, 1986).

FUNCTIONS

1. Formation of basal bodies and ultimately theciliaisthe specialized function of the centrioles
inthecell.

2. The normal function of a pair of centriolesin most animal cellsisto act asafocal point for
the centrosome. The centrosome (also called the cell centre) organizes the array of cytoplasmic
microtubules during interphase and duplicates at mitosis to nucleate the two poles of the mitotic
spindle.

3. Sometimescentriol es can servefirst onefunction and then another inturn : for example, prior
to each division in Chlamydomonas, the two flagellaresorb and the basal bodies|eave their position
to act as mitotic poles.

4. In spermatozoon one centriole give rise to the tail fibre or flagellum.

5. Centrioles and basal bodies are also found to be involved in ciliary and flagellar beat.

6. Centrioles and basal bodies have arole in the reception of optical, acoustic and olfactory
signals.

7.Recently, it hasbeen suggested that centriol escoul d serveasdevicesfor locating thedirections
of signal sources. Such arole for them has been conceived by comparing the geometric design of
centrioles (with their disposition in pairs at the right angles and their ninefold symmetry) with man-
made devices such as radar scanners, that detect directional signals (Albrecht-Buehler, 1981).

REVISION QUESTIONS

1. Definetheterms basal bodies and centrioles.

2. Describe the ultra-structure of the basal body and centrioles.

3. How are the centrioles and basal bodies (kinetosomes) are originated in the cell ?
4.  What are the main functions of the basal bodies and the centrioles ?
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