Interphase nucleus.

Nucleus

that almost al of thecell’sDNA isconfined, replicated

and transcribed. The nucleus, thus, controls different
metabolic aswell ashereditary activities of thecell. A synony-
moustermfor thisorganelleisthe Greek word kar yon. Nucleus
servesasthemaindistinguishingfeatureof eukaryoticcellsi.e.,
this is the true nucleus as opposed to the nuclear region,
prokaryon or nucleoid of the prokaryotic cells (see Chapter 3).
Thefollowing statement of Vincent Allfrey (1968) completely
qualifiesthe central position of the nucleusin the affairs of an
eukaryotic cell :

“The cell nucleus, central and commanding, is essential
for the biosynthetic events that characterize cell type and cell
fraction; it isa vault of genetic information encoding the past
history andfutureprospectsof thecell, an organellesubmerged
and deceptively sereneinits sea of turbulent cytoplasm, afirm
and purposeful guide, a barometer exquisitely sensitive to the
changing demands of the organismanditsenvironment. Thisis
our subject — to be examined in terms of its ultrastructure,
composition and function.”

HISTORICAL

Nuclei werefirst discoveredandnamedby Robert Brown
in 1833 in the plant cells and were quickly recognized as a
constant feature of all animal and plant cells. Nucleoli were
described by M .J. Schleiden in 1838, although first noted by
Fontana (1781). Theterm nucleoluswascoined by Bowmanin
1840. In 1879, W. Flemming coined the term chromatin for
chromosomal meshwork. Strasburger (1882) introduced the
terms cytoplasm and nucleoplasm. The existence of a mem-

T henucleus(L.,nux=nut) istheheart of thecell. Itishere
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brane delimiting the nucleus wasfirst
demonstrated by O.Hertwigin 1893.
In1934, Bar baraM cClintock recog-
nized and named nucleolar organizers
in the chromosomes. In 1950, Callan
and Tomlin, first observed the
nucleopores in the nucle of amphib-
ian oocytes. The role of nucleus in
heredity wasfirmly established by the
grafting experimentsof Hammerling
(1953) with Acetabularia. Ultrastruc-
ture of nuclear envelope, pore com-
plexesand nuclear laminawereworked
out by Kirschner et al., (1977),
Schatten and Thoman (1978), etc.

NUCLEO - CYTOPLASMIC
INTERRELATIONSHIP

The evidences for nucleo-cyto-
plasmic communication as afactor in
cell maintenance and development
have been known before the rediscov-
ery of Mendel’s “genes’. In the late
nineteenth century, Verworm,
Balbiani and others showed that fol-
lowing microsurgery, nucleated halves
of various protozoans survived and
grew, whereas the enucleated halves
degenerated and died. Later, in the
1930s it was shown that insertion of
nuclel into enucleated amoebae re-
stored pseudopodial activity, feeding
behaviour and growth. It was aso
shown that the nucleus was essential
for the growth and regeneration of the
morphologically complicated ciliate
Sentor. Inaclassical seriesof experi-
ments, spanning between 1934 and
1954, ontheunicellular algaAcetabu-
laria, Hammerling demonstrated by
means of interspecific nuclear trans-
plants, that morphological features,
notably the shape of cap, were deter-
mined by the nucleus. He a so showed
that even after removal of thenucleus,
the cell was able to continue morpho-
genesis for atime and proposed that
the cytoplasm contained a store of
morphogenetic material (later on rec-
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Fig. 12.1. Summary of the grafting experiments with Acetabu-
lariato provethat the hereditary charactersare deter-
mined by the nucleus and not by the cytoplasm.
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ognized as mMRNA molecules) that had been produced by the nucleus. Let us closely examine the
Hammerling' s classical nuclear transplantation experiments:

Hammerling’'s expe-riment. The body of an alga Acetabularia isabout six centimetersiong
and isdifferentiated into afoot, astalk and a cap. The cap has a characteristic shape for each species
andiseasily regeneratedif removed. Thesinglenucleusissituatedintherhizoid portion. Acetabularia
crenulata hasacap, with about 31 rays, thetips of which are pointed, but Acetabularia mediterranea
has about 81 rays with rounded tips. If the cap, stalk or even the nucleated portion of the rhizoid is
removed, the remaining portion of the alga has the capacity to regenerate into a whole plant. The
enucleated part loses the regeneration capacity after afew decapitations, but the nucleated portion
alwaysmaintainsthisability. When thestalk of one speciesisgrafted onto the nucleated rhizoid of the
other, aninter mediatetypeof capisformed. Ondecapitation, asecond cap devel opswhichresembles
the cap of species which provides the nucleus (Fig. 12.1). When the nuclei of both the species are
present in the same cytoplasm, an intermediate type of cap develops. Such experiments have clearly
established that the nucleusisthe storehouse for and the control tower of, all hereditary information.

OCCURRENCE AND POSITION

The nucleus is found in all the eukaryotic cells of the plants and animals. However, certain
eukaryotic cells such asthe mature sieve tubes of higher plantsand mammaliam erythrocytes contain
no nucleus. In such cells nuclei are present during the early stages of development. Since mature
mammalian red blood cellsare without any nuclei, they are called red blood “ corpuscles’ rather than
cells (L. corpus = body, especially dead body or corpse).

The prokaryotic cells of the bacteriado not havetrue nucleus, i.e., thesingle, circular and large
DNA molecule remainsin direct contact with the cytoplasm. The position or location of the nucleus
inacell isusually thecharacteristic of thecell typeandit isoftenvariable. Usually thenucleusremains
located in the centre. But its position may change from time to time according to the metabolic states
of thecell. For example, inthe embryonic cellsthe nucleus generally occupiesthe geometric centre of
the cell but as the cells start to differentiate and the rate of the metabolic activities increases, the
displacement in the position of the nucleustakes place. In certain cells such asthe glandular cellsthe
nucleus remains located in the basal portion of the cell.

MORPHOLOGY

Number

Usually the cells contain singlenucleusbut the number of thenucleusmay vary fromcell tocell.
According to the number of the nuclei following types of cells have been recognised :

1. Mononucleatecells. Most plant and animal cellscontainsinglenucleus, suchcellsareknown
asmononucleate cells.

2. Binucleate cells. The cells which contain
two nuclei areknown asbinucleatecells. Such cells
occur in certain protozoanssuch as Parameciumand
cells of cartilage and liver.

3. Palynucleatecells. Thecellswhich contain
many (from 3 to 100) nuclei are known as
polynucleate cells. The polynucleate cells of the
animals are termed as syncytial cells, while the
polynucleate cells of the plantsare known as coeno-
cytes. The most common example of the syncytial

The nucleus surrounded by nuclear membrane.
The pits are nuclear pores.
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cellsare the osteoblast (polykaryocytes of the bone morrow) which contain about 100 nuclei per cell
and striated musclefibreseach of which containsmany hundred nuclei. Thesiphonal algae Vaucheria
contains hundreds of nuclei and certain fungi are the best example of the coenocytic plant cells.

Shape

The shape of the nucleus normally remains related with the shape of the cell, but certain nuclei
arealmost irregular in shape. The spheroid, cuboid or polyhedral cells (isodiametrical cells) contain
the spheroid nuclei. The nuclei of the cylindrical, prismatic or fusiform cellsare ellipsoid in shape.
The cells of the squamous epithelium contain the discoidal nuclei. The leukocytes, certaininfusoria,
glandular cellsof someinsectsand spermatozoacontain theirregular shaped nuclei. Nuclei of cellsof
silk glandsof silk worm havefinger-like extensionsthat greatly increasetheir surfacearea(Fig. 12.2).

Size
Generally nucleus occupies about 10 per cent of thetotal cell volume. Nuclei vary in sizefrom
about 3umto 25 um indiameter, depending on cell typeand contain diploid set of chromosomes. The

sizeof thenucleusisdirectly proportional tothat of thecytoplasm. R. Her twig hasgiventhefollowing
formulafor the deduction of the size of the nucleus of a particular cell.

Vn
Vc - Vn

NP=

Where NPisthe nucleoproteinindex, V isthevolumeof thenucleusand V  isthevolumeof thecell.

Moreover, the size of the nucleusisrelated with the number of the chromosomesor ploidy. The
haploid cells contain small-sized nuclei in comparison to the nuclei of thediploid cells. Likewisethe
polyploid cells contain
larger nuclei thanthedip-
loid cells. Thus, the size
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cell. Thisisnormally ac-

complished by disrupting tissue in homogenizers wherein the clearance is such that nuclel are not
broken but the plasma membrane and endoplasmic reticulum are severely disrupted. Nuclei can then
be harvested by differential centrifugation. They are then lysed by sonication and their envelopes
separated on density gradient centrifugation.
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Alternatively, DNAase digestion followed by extraction with salts rel eases envelopes which
again can be banded on sucrose or cesium chloride gradients (see Thor pe, 1984).

The chemical organization of the nucleus has been investigated by two main approaches. The
first, whichisessentially biochemical, consists of isolating alarge enough number of nuclei to permit
analysis by biochemical methods. The second approach, which is essentialy cytologic, uses the
cytophotometric and radio-autographic methods. A nucleolar fraction may be obtained by treating the
nuclei with highly ionic solutionsand digesting thechromatinwith DNAse (Penman et al ., 1966). The
amount of DNA inan eukaryatic nucleus can be determined by microspectrophotometry, atechnique
that measures with precision the amount of Feulgen staining material each nucleus contains.

ULTRASTRUCTURE

The nucleus is composed of following structures : 1. The nuclear membrane or karyotheca or
nuclear envelope; 2. The nuclear sap or nucleoplasm; 3. The chromatin fibres; and 4. The nucleolus.

1. Nuclear Envelope

The nuclear envelope (or perinuclear cisterna) encloses the DNA and defines the nuclear
compartment of interphase and prophase nuclei.
Itisformedfromtwo concentricunit membranes, nuclear envelope
each 5-10nmthick. Thespherical inner nuclear |
membr ane contains specific proteinsthat act as
binding sitesfor the supporting fibrous sheath of
intermediate filaments (IF), called nuclear
lamina. Nuclear lamina has contact with the
chromatin (or chromosomes) and nuclear RNASs.
Theinner nuclear membraneissurrounded by the
outer nuclear membrane, which closely re-
semblesthemembraneof theendoplasmicreticu-
lum, that is continuous with it. It is aso sur-
rounded by lessorgani zedintermediatefilaments
(Fig. 12.3). Likethe membrane of therough ER,
the outer surface of outer nuclear membrane is
generaly studded with ribosomes engaged in
protein synthesis. The proteins made on these
ribosomesaretransportedinto space betweenthe The cell nucleus.
inner and outer nuclear membrane, called peri-
nuclear space. The perinuclear space is a 10 to 50 nm wide fluid-filled compartment which is
continuouswith the ER lumen and may contain fibres, crystalline deposits, lipid droplets or electron-
dense material (see Thorpe, 1984).

Nuclear lamina. It is aso called fibrous lamina, zonula nucleum limitans, internal dense
lamella, nuclear cortex and lamina densa.

The nuclear lamina is a protein meshwork which is 50 to 80 nm thick (DeRobertis and De
Robertis, Jr., 1987) or 10to 20 nmthick (Alberts etal., 1987). It linestheinside surface of theinner
nuclear membrane, except the areas of nucleopores, and consists of a square lattice of intermediate
filaments. In mammals, these intermediate filaments are of threetypes: lamins A, B and C having
M.W. 74,000, 72,000 and 62,000 daltons, respectively. The lamins form dimersthat have arod-like
domainand two globular heads at one end. Under appropriate conditionsof pH andionic strength, the
dimers spontaneously associate into filamentsthat have adiameter and repeating structure similar to
those of cytoplasmic filaments.

The nuclear laminais a very dynamic structure. In mammalian cells undergoing mitosis, the
transient phosphorylation of several serine residues on the lamins causes the lamina to reversibly
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Fig. 12.3. Cross-section of atypical cell nucleus showing
ultrastructure (after Alberts et al., 1989).

phase. Inside an inter-

phase nucleus, chromatin binds strongly to the inner part of the nuclear laminawhich is believed to
interfere with chromosome condensation. In fact, during meiotic chromosome condensation, the
nuclear laminacompl etely disappears by the pachytene stage of prophase and reappears later during
diplotene in oocytes, but does not reappear at all in spermatocytes.

Thelaminsmay play acrucial roleintheassembly of interphase nuclei. For example, when cells
areleftforalongtimeincolchicine(drugwhicharrestscellsinmetaphase), thelaminsassemblearound

Nucleus of a cultured human cell that has been stained with
fluorescently labeled antibodies to reveal the nuclear lamina
(red) which lies on the inner surface of the nuclear envelope.

individual chromosomes, which then
surrounded by nuclear envelopes give
risetomicronuclei containing only one
chromosome. A similar phenomenon
occursduring normal amphibiandevel-
opment. In the first few cleavages of
amphibian development, the nuclear
envelope initialy forms around indi-
vidual chromosomes, forming several
vesiclesthat then fusetogether to form
a single nucleus. This suggests that
chromatin is the nucleating centre for
the deposition of a nuclear laminaand
envelope.

Nuclear poresand nucleocyto-
plasmic traffic. The nuclear envelope
in al eukaryotic forms, from yeaststo
humans, isperforatedby nuclear pores
which havethefollowing structureand
function:

1. Structure of nuclear pores.
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Nuclear pores appear circular in surface view

and have adiameter between 10nmto 100 nm. DS -
Previously it was believed that a diaphragm e Ny :'_; [
made of amorphous to fibrillar material ex- - B 5 [
tends across each pore limiting freetransfer of . P ey e T
material. Suchadiaphragmcalled annulushas el = _': & inner nuclear
been observed in animal cells, but lacking in =g membrane

- . outer nuclear
plant cells. Recent electron microscopic stud- FERbERE

ieshave found that anuclear pore hasfar more
complex structure, soitiscalled nuclear pore
complex. Each porecomplex hasan estimated
molecular weight of 50 to 100 million daltons.
Negative staining techniques have demon-
strated that pore complexes have an eight-fold -;.r
or octagonal symmetry. More recent comput- o
erized image-processing techniquesof Unwin
and M ulligan (1982) have shownthat the pore o
complex consistsof two “rings’ (R or annuli) g B
at its periphery with an inside diameter of 80 .
nm, alarge particle that formsacentral plug =

(C) and radial *spokes’ (S) that extendsfrom | perinuclear E0 L
the plug to the rings (Fig. 12.5 B and C). space - T4
Particles(P) areanchored to cytoplasmicring
and are thought to be inactive ribosomes. The | Fig. 124, A model of the nuclear surface complex as
‘hole’ in the centre of the pore complex is an proposed by Schatten and Thoman (1978)
aqueous channel through which water-soluble (after Thorpe, 1984).

mol ecul es shuttle between the nucleus and the
cytoplasm. This hole often appears to be plugged by alarge central granule (central plug) whichis
believed to consist of newly made ribosomes or other particles caught in transit.

The pore complex perforates the nuclear envelope bringing the lipid bilayers of the inner and
outer nuclear membranetogether aroundthemarginsof each pore. Despitethiscontinuity, whichwould
seem to provide a pathway for the diffusion of membrane components between the inner and outer
membranes, the two membranes remain chemically distinct.

Quiterecently, followingtwo proteinshave beenfound to beassociated tothenucl ear pores: one
isanintegral membrane protein, aglycoprotein of 120,000 daltons that may anchor the annuli to the
lipid bilayer (Gerace et al., 1982). The second protein isa 63,000 dalton protein (that has covalently
bound acetyl neuraminic acid) located on the cytoplasmic side of the electron-dense material that
occludesthe nuclear pores(Davisand Blobel, 1986). This protein may beinvolved inthetransport of
materials through the nuclear pores.

nuclear

|
cortex
= |
| |
s

2. Number of nuclear pores (Poredensity). In nuclei of mammalsit has been calculated that
nuclear pores account for 5to 15 per cent of the surface area of the nuclear membrane. In amphibian
oocytes, certain plant cells and protozoa, the surface occupied by the nuclear poresmay beashigh as
20t0 36 per cent. Thenumber of poresinthenuclear envelopeor por edensity seemsto correlatewith
thetranscriptional activity of thecell (Table12-1). Thus, poredensitiesaslow as~3 pores/un? areseen
in nucleated red blood cells and lymphocytes (which are inactive in transcription). These cells are
highly differentiated but metabolically inactive and they are non- proliferating cells. The majority of
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proliferating cells have pore densities between 7 and 12 pores/um?. Among cells of a third type,
differentiated but highly active, pore densities are often 15 to 20 pores/um?. Liver, kidney and brain
cellsfall into this category. Still higher pore densities are found in specialized cells, such assalivary
gland cells (~40 pores/um?) and the oocytes from Xenopuslaevis (~50 pores/um?), both of which are
very activein transcription.
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Fig. 12.5. Nuclear pore. A—A part of nuclear envelope with 80 nm pores occupied by pore complexes
of octogonal radial symmetry; B—Nuclear pore in top view; C—A nuclear pore in cross
section (after De Robertis and De Robertis, Jr., 1987).

Pore densities and nuclear poresper nucleusin various cell types (source:
Table 12-1. Thorpe, 1984).

Cell type Poredensity Poresper nucleus
(Pores/um?)

1. Humanlymphocytes 3.2 405

2. Leopard frog embryo 5.6 1729

3. Human embryonic lung 85 2788

4. African green monkey kidney 8.6 4277

5. Newt heart 7.6 12,707

6. Xenopus laevis oocyte 51 37.7 x 10°

7. Triturus alpestris oocyte 50 57 x 108
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3. Arrangement of nuclear poreson nuclear envelope. Insomatic cells, thenuclear poresare
evenly or randomly distributed over the surface of nuclear envel ope. However, pore arrangement in
other cell typesisnot random but rather range from r ows (e.g., spores of Eqisetum) to Clusters(e.g.,
oocytesof Xenopuslaevis) to hexagonal (e.g., Mal pighian tubul esof |eaf hoppers) packing order (see
Thorpe, 1984).
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(b) A three dimensional model based on high
resolution electron microscopy showing
nuclear pore complex.

(a) A three dimensional representation of a
vertebrate nuclear pore complex.

4. Nucleo-cytoplasmic traffic. Quite evidently there is considerable trafficking across the
nuclear envelope during interphase. 1ons, nucleotides and structural, catalytic and regul atory proteins
areimportedfromthecytosol (cytoplasmicmatrix); mRNA, tRNA and ribosomesubunitsareexported
to the cytosol (cytoplasmic matrix) (see Reid and L eech, 1980). However, one of the main functions
of the nuclear envelope isto prevent the entrance of active ribosomes into the nucleus.

Theporeappearstofunctionlikeacl osefitting diaphragmthat openstojust theright extent when
activated by asignal on an appropriatelarge protein (having adiameter up to 20 nm). Recently, it has
been investigated that the nuclear-specific proteins (called karyophilic proteins) have in their
molecular structure sometype of signals, called kar yophilic signalsor nuclear import signals, that
enable them to accumulate selectively in the nucleus. For example, nucleoplasmin is an abundant,
pentameric nuclear protein having distinct head and tail domains. Nucleoplasmins are actively
transported through the nuclear pores, probably whilestill intheir folded form. Thekaryophilicsignal
for such anuclear import apparently residesin the tail domains and such an active nuclear transport
requires energy which is derived from ATP hydrolysis. Similar signals are also noted in a short
seguence (126-132 amino acids) of simian virus40 T antigen molecul e. These short sequenceswhen
attachedto bigger molecules(eventometal particlessuch asgold) all ow thesebigger molecul estoenter
the nucleus via the nuclear pores.

5. Rate of transport through the nuclear pores. Aswe have aready described, the nuclear
envel ope of atypical mammalian cell contains 3000 to 4000 pores (about 11 pores/ um? of membrane
areq). Ifthecell issynthesizingDNA, it needstoimport about 10° histonemol eculesfromthecytoplasm
every 3minutesin order to package newly made DNA into chromatin, which meansthat onan average
each pore needs to transport about 100 histone molecules per minute. Further, if the cell is growing
rapidly, each nuclear pore needs to export about three newly assembled ribosomes per minute to the
cytoplasm, since ribosomesare produced in nucleus but function in the cytoplasm. The export of new
ribosomal subunitsis particularly problematic since these particles are about 15 nm in diameter and
are much too large to pass through the 9 nm channels of nuclear pores, it is believed that they are
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specifically exported through the nuclear pores by an active transport system. Similarly, mRNA
molecules complexed with special proteins to form ribonucleoprotein particles, are thought to be
actively exported from the nucleus.
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Importing proteins from the cytoplasm into the nucleus. The protein bearing a nuclear localization signal (NLS)
binds to the heterodimeric receptor (importin o/p) (step 1) forming a complex that associates with a cytoplasmic
filament (step 2). The protein complex is moved through the nuclear pore (step 3) and into the nucleoplasm
where it interacts with Ran-GTP and dissociates (step 4). The importin B subunit is transported back to the
cytoplasm in association with Ran-GTP (step 5), where the Ran-GTP is hydrolyzed. Ran-GDP is subsequently
transported back to the nucleus and importin o back to the cytoplasm.

Lastly, nuclear poresarenot the only avenuesfor nucleocytoplasmic exchanges (Fig. 12.6). For
example, small molecules and ionsreadily permeate both nuclear membranes. Larger moleculesand
particles may passthrough the membrane by formation of small pocketsand vesiclesthat traversethe
envelope and empty on the other side.

2. Nucleoplasm

The space between the nuclear envel ope and the nucleolusisfilled by atransparent, semi-solid,
granular and dlightly acidophilic ground substance or the matrix known as the nuclear sap or
nucleoplasm or karyolymph. The nuclear components such as the chromatin threads and the
nucleolus remain suspended in the nucleoplasm.

Thenucleoplasm hasacomplex chemical composition. It iscomposed of mainly the nucleopro-
teinsbut it al so contains other inorganic and organi ¢ substances, viz., nucleic acids, proteins, enzymes
and minerals.

1. Nucleic acids. The most common nucleic acids of the nucleoplasm are the DNA and RNA.
Both may occur in the macromol ecular state or in the form of their monomer nucleotides.

2. Proteins. Thenucleoplasm containsmany typesof complex proteins. The nucleoproteinscan
be categorized into following two types:

(i) Basicproteins. Theproteinswhichtakebasi c stain areknown asthe basic proteins. Themost
important basic proteins of the nucleus are nucleopr otamines and the nucleohistones.

The nucleoprotamines are simple and basic proteins having very low molecular weight (about
4000 daltons). The most abundant amino acid of these proteins is arginine (pH 10 to 11). The
protaminesusually remain bounded withthe DNA molecul esby thesaltlinkage. Theprotaminesoccur
in the spermatozoa of the certain fishes. The nucleohistones have high molecular weight, e.g., 10,000
to 18,000 daltons. The histones are composed of basic amino acids such as arginine, lysine and
histidine. The histone proteins remain associated with the DNA by theionic bonds and they occur in
the nuclel of most organisms. According to the composition of the amino acids following types of
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histone proteins have been
recognised, e.g., histones rich in
lysine, histoneswith arginineand hi-
stoneswith poor amount of thelysine.
(i) Non-histone or Acidic
proteins. The acidic proteins either -
occur in the nucleoplasm or in the |
chromatin. Themost abundantacidic | §._g
proteinsof theeuchromatin (atypeof
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nuclear enzymes are the DNA poly-
merase, RNA polymerase, NAD
synthetase, nucleoside triphos-
phatase, adenosine diaminase,

Fig. 12.6. Various avenues for transport of material from the

nucleus to the cytosol (cytoplasmic matrix) (after
Sheeler and Bianchi, 1987).

nucleosidephosphorylase, guanase, aldolase, enolase, 3-phosphoglycer aldehydedehydr ogenase
and pyruvate kinase. The nucleoplasm also contains certain cofactors and coenzymes such asATP

and acetyl CoA.

4. Lipids. Accordingto Stonebur g (1937) and Dounce (1955), the nucleoplasm containssmall

lipid content.

5. Minerals. The nucleoplasm al so contains several inorganic compounds such as phosphorus,
potassium, sodium, calcium and magnesium. The chromatin comparatively containslarge amount of

these minerals than the nucleoplasm.

3. Chromatin Fibres

The nucleoplasm contains many
thread-like, coiled and much elongated struc-
tureswhichtakereadily thebasic stainssuch
asthebasicfuchsin. Thesethread-likestruc-
tures are known as the chromatin (Gr.,
chrome=colour) substance or chromatin
fibres. Such chromatin fibres are observed
only in the interphase nucleus. During the
cell division (mitosis and meiosis) chroma-
tin fibres become thick ribbon-like struc-
tureswhichareknownasthechr omosomes.

Chemically, chromatin consists of
DNA and proteins. Small quantity of RNA
may also be present but the RNA rarely
accountsfor morethanabout 5 per cent of the
total chromatin present. Most of the protein
of chromatin is histone, but “nonhistone”
proteinsarea so present. The protein: DNA
weightratioaveragesabout 1:1. Histonesare

The 23 pairs of chromosomes in the
human karyotype.
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constituents of the chromatin of all eukaryotes except fungi, which, therefore, resemble prokaryotes
in this respect (see Sheeler and Bianchi, 1987).

The fibres of the chromatin are twisted, finely anastomosed and uniformly distributed in the
nucleoplasm. Two types of chromatin material have been recognised, e.g., heterochromatin and
euchromatin.

A. Heterochromatin. The darkly stained, condensed region of the chromatin is known as
heterochromatin. Thecondensed portionsof the nucleusareknown aschr omocenter sor kar yosomes
or falsenucleoli. The heterochromatin occursaround the nucleolusand at the periphery. It issupposed
to be metabolically and genetically inert because it contains comparatively small amout of the DNA
and large amount of the RNA.

B. Euchromatin. The light stained and diffused region of the chromatin is known as the
euchromatin. The euchromatin contains comparatively large amount of DNA.

4. Nucleolus

Most cellscontainintheir nuclei one or more prominent spherical colloidal acidophilic bodies,
called nucleoli. However, cellsof bacteriaand yeast |ack nucleolus. Thesize of thenucleolusisfound
to be related with the synthetic activity of the cell. Therefore, the cells with little or no synthetic
activities, e.g., sperm cells, blastomeres, musclecell, etc., are found to contain smaller or no nucleali,
whiletheoocytes, neuronsand secretory cell swhich synthesi zetheproteinsor other substancescontain
comparatively large-sized nucleoli. The number of the nucleoli in the nucleus depends on the species
and the number of the chromosomes. The number of the nucleoli in the cellsmay be one, two or four.
The position of the nucleolusin the nucleusis eccentric.

A nucleolus is often associated with the nucleolar organizer (NO) which represents the
secondary constriction of the nucleolar organizing chromosomes, and are 10 in number in human
beings(Fig. 12.7). Incorn, Zea mayschromosome9and 6 contain ‘ darkly staining knobs' or nucleolar
organizers (Heitz and M cClintock, 1930s). Nucleolar organizer consists of the genesfor 18S, 5.8S
and 28S rRNAs. The genes for fourth type of r RNA, i.e., 5S rRNA occur outside the nucleolar
organizer.

1. Chemical composition of nucleolus. Nucleolusis not bounded by any limiting membrane;
calciumionsare supposed to maintain itsintact organization. Chemically, nucleoluscontains DNA of
nucleolar organizer, four types of
rRNAS, 70typesof ribosomal proteins,
RNA binding proteins (e.g., nucleolin) nucleolar
and RNA splicing nucleoproteins (U, I
u..... U_,). Italsocontainsphospholip- i -
ids, orthophosphates and Ca2* ions. . _— .
Nucleolusalso containssomeenzymes |  satellite E oL "
such as acid phosphatase, nucleoside . 3 =
phosphorylase and NAD*synthesizing . - - = ™ nucleolar
gzymeﬁfor the g_/nthessof some co- - " s - o - u - Cﬁ:g%fgégnn%e
zymes, nucleotides and ribosomal L
RNA. RNA methylase enzyme which I |
transfers methyl groupsto the nitrogen 1

_-
. ]
bases, occursin the nucleolus of some l'-.__ __.-'J nucleolus
cdls.

2. Ultrastructureand function
of nucleolus. Nucleolus are the sites
wherebiogenesi sof ribosomal subunits

Fig 12.7. A satellited chromosome and an attached
nucleolus.
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snRNPrepresents polysomes

small nuclear ribo-
nucleoprotein).
The 5Sr RNA is
transcribed on the chromosome existing outside the nucl eolus and the 70 types of ribosomal proteins
are synthesized in the cytoplasm. All of these components of the ribosomes migrate to the nucleol us,
where they are assembled into two types of ribosomal subunits which are transported back to the
cytoplasm. Thesmaller (40S) ribosomal subunitsareformed and migratetothecytoplasmmuchearlier
than larger (60S) ribosomal subunits; therefore, nucleolus contains many more incomplete 60S
ribosomal subunitsthan the 40S ribosomal subunits. Such atimelag in the migration of 60S and 40S
ribosomal subunits, preventsfunctional ribosomesfrom gaining accessto theincompletely processed
heterogeneous RNA (hn RNA; the precursor of m RNA) moleculeinside the nucleus (see Alberts et
al., 1989).

Different stages of formation of ribosomes are completed in three distinct regions of the
nucleolus. Thus, their initiation, production and maturation seem to progress from centre to
periphery. Following three regions have been identified in the nucleolus (Fig. 12.8) :

() Fibrillar centre. This pale-staining part represents the innermost region of nucleolus. The
RNA genes of nucleolar organizer of chromosomes are located in thisregion. Thetranscription (i.e.,
ribosomal RNA synthesis) of these genesisalso initiated in thisregion.

(i) Densefibrillar component. Thisregion surrounds the fibrillar centre and RNA synthesis
progresses in this region. The 70 ribosomal proteins (rps) aso bind to the transcripts in thisregion.

(iii) Cortical granular components. This is the outermost region of the nucleus where
processing and maturation of pre-ribosomal particles occur.

3. Mitoticcycleof nucleolus. Theappearance of nucleoluschangesdramatically duringthecell
cycle. During meiosisaswell asduring mitosisthe nucleolus disappears during prophase. Asthecell.
approaches mitosis, the nucleolus first decreases in size and then disappears as the chromosomes
condenseandall RNA synthesisstops, sothat generally thereisno nucleolusinametaphasecell. When
ribosomal RNA synthesis restarts at the end of mitosis (in telophase), tiny nucleoli reappear at the

Fig. 12.8. Three different regions of the nucleolus and their involvement in
ribosome assembly.
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chromosomal locations of theribosomal RNA genes(NOs). For example, in humansther RNA genes
are located near the tips of each of the 5 different chromosomes (i.e., paired autosomes 13,14,15,21
and22; Franke, 1981). Accordingly, 10small nucleoli areformed after mitosisinahumandiploidcell,
althoughthey arerarely seen as separate entities becausethey quickly grow and fusetoformthesingle
large nucleolustypical of many interphase cells.

Now let usseewhat happensto the RNA and protein components of the disintegrated nucleolus
during mitosis? It seems that at least some of them become distributed over the surface of al of the
metaphase chromosomes and are carried as cargo to each of the two daughter cell nuclei. As the
chromosomes decondense at telophase, these* old” nucleolar components hel p reestablish the newly
emerging nucleoli (Anastassova-Kristeva, 1977).

REVISION QUESTIONS

1.  Describethenuclear envelopeand thestructure of its pores. What similarities occur between nuclear
envelope and endoplasmic reticulum ?

Describe the ultrastructure of nucleus.

Discuss the cytochemistry of nucleus.

How many types of proteins and nucleic acids are found in the nucleus ?
Describe the structure and function of the nucleolus. How isit formed ?
Does amount of DNA has any correlation with the ploidy of the cell? What ?
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