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Targeting RNA in the cell

S. C. Lakhotia

The typical textbook description of a cell
suggests that the genctic information
residing in the nuclearly located DNA 1s
transcribed in a regulated {ashion and the
resulting RNA is processed and trans-
ported to cytoplasm, where 1t is translated
and the protein so made 1s translocated
to specific parts of the cell for its struc-
tural and/or enzymatic role in the cell’s
phenotype. However, such simplistic des-
criptions do not reveal the highly ordered
three-dimensional organization of a cell,
where every molecule, in fact, has a
defined dynamic location While localized
distribution of at least certain specific
RNAs in cells had been known for some
time, 1t has become possible only recently
to ask how this localized distribution is
actually achieved. Apphication of molecu-
lar cell biological approachcs has per-
mitted newer insights nto the three-
dimensional molecular architecture of a
cell and how thc various molecules are
vectonally transported within it to achieve
the polarities that a cell has.

It is now clearly established that not
only is the primary act of lranscription
of a given DNA scquence rcgulated with
a certain degree of fidelity, the processing
and transport ol the transcnipts is also a
highly regulated process. Studies during
the past few years have shown that certain
RNAs arc targeted to specific subcom-
partmenis of the cell where their trans-
lational product/s are immediately needed.
The importance of such highly specific
subcellular localization of RNA and 1ts
prolcin product iy most obvious in the
zygote cell since the unfolding of the
enlirc body organizaon dunng the
development of the zygote depends on
the molecular asymmetries that are esta-
blishcd in the unfertilized or the newly
fertilized egg. In what follows, we discuss
some recent studies which ate attractive
for their use of novel combinalions of
microscopic and molecular techmigues 1o
examine (i) the structwal componcents of
a cell that transport RNA away fiom the
site of synthests in nucleus to its final
location in a specific subcompartment of
the cell, (i) the signals that 1cll the
cellular  transport machinery where 1o

deliver the given RNA molecule and (iii)
the components that keep the RNA
anchored to the desired subcompariment.

mRNA transport and
localization in cells: visuals of
the process and mechanism

It has been known that the [3-actin protein
as well as its mRNA colocalize at the
leading edge of lamellipodia in a variety
of cell types'™. Apparently, the highly
localized distribution of [B-actin mRNA
in these cell types provides for the com-
partmcntalization of actin synthesis. It has
been shown in several cases® that the
RNA localization signal (zipcode) is
present in the 3’ untranslated region (3’
UTR) of mRNA. Kislauskis et al.’ iden-
tificd the speciflic "zipcode’ scquence/s
by fusing differcnt lengths of the 3° UTR
of B-actin o the reporter -galactosidase
(lacZ) gene; this allowed a direct
visuahization of the intraceilular distribu-
tion of B-galactosidase activity in trans-
fected chicken cmbryo fibroblasts by
simple X-gal (a chiomogenic substrate
for B-galactosidase) staining. It was shown
that two sequcnce clements in the 3" UTR
of B-actin mRNA provided the penpheral
localization signal to the hetcrologous
B-galactosidase mRNA so that in cells
translected with such chimeric constructs,
X-gal staining revealed blue colour at the
same place where the B-actin protein was.
Of thesc Lwo peripheral localizing signals,
a S4-nucleotide scquencc was the main
‘venipheral  RNA zipcode’ while the
homologous but less active 43-nuclcotide
scquence, present further downstream,
was composed of ‘zipcode elements’. The
basic elements of these ‘zipcodes’ were
idenufied as AATGC and GGACT, which
act in concert so that multiple copics of
cach provide a stronger peripheral
ocaltzation signal, These authors suggest
that the high A/C conltent in the 54-
nucleotide zipcode may also have a role
in peripheral localization of the B-aclin
mRNA., It was also scen that addition of
complementary ohgonucleotides against the
RNA sipcode delocalized the endogenous
B-actn mRNA and altered the orgamiza-
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tion and shape of lamellipodia and stress
fibres, without affecting levels of the
P-actin mRNA or protein; this showed
that the localization of P-actin mRNA is
essential for the phenotype of these cells.
An answer to how the mRNA molecules
may possibly remain anchored 1n cell
cytoplasm, essential for the localized dis-
tnbution, has been provided in a very
ingenious study by Bassell er al.®: single
mRNA molecules were seen with an un-
precedented resolution and accuracy to
be anchored on actin filament intersections
in fibroblasts. To achieve this feat, they
used different sized gold particles to ‘see’
simultaneously, at the ultrastructure level,
the labelled oligo-dT probe hybridized in
situ with polyA tail carrying mRNAs and
the aniibody bound to actin fibres. Fur-
thermore, the oligo-dT probe hybndized
with the polyA tails of cytoplasmic
mRNAs was used as primer for in situ
reverse transcription; the in suu extended
cDNA chains and the oligo-dT-polyA
hybrids were covisualized by immuno-
binding of different sized gold particles.
These results unambiguously demonstra-
ted the localization of individual mRNA
molecules specifically at intersections of
actin filaments. These studies also
revealed that the mRNA at these inter-
sections remains in a circular rather than
an extended or lincar conformation; this
may help explain the interactions between
the 3" and 5" ends of mRNA that are
important in regulating translation.

Directed transport and localized
anchorage of mRNA during
oogenesis in Drosophila

The stages of oogencsis provide a remark-
able material for study of localized RNAS
and the mechanisms that regulate the
spatial order in the distnbution ol dilferent
leanscripts in dillerent regions of oocyle.
It is this asymmetiic but highly ordered
distribution ol ditfeient macromotecules
in the cpg that Jeteamines the subscequent
cascades of determination ¢vents in caly
embryonic development. The lauge body
of genetic data bas made Drosoplula eggs
a maternial of choice ot such studies
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Dunng oogenesis tn Drosopfula, the
growing cocyte is nourished and provided
with all its RNAs and proteins by the
15 sister nurse cells and the sumrounding
follicle cells. The nurse cells Synthcsize
the different RNAs and proteins which
are transported through intercellular con-
nections to the growing oocyte, where
each of these gets localized in a highly
ordered and reproducible manner. Among
the several different RNAs that are loca-
lized in Drosophila oocyte and have
important roles in embryonic develop-
ment, those produced by the bicoid, oskar
and nanos genes are critical for anterior—
pOSterior axis determination’. The bicoid
(bed) RNA in mature oocyte is localized
to the antcrior margin and remains con-
fined to the anterior region of embryo,
where it directs the development of
anterior structures 5. Likewise, transcripts
of the nanos and oskar (osk) genes are
located at the posterior pole of the egg
and are crucial for the postenor develop-
ment’.

The localized distribution of these
nurse-ce{l-produced transcripts in oocyte
results from a series of events during
cogenesis; a number of earlier acting
genes are known to affect movement and
the charactenistic localization of these
polarly located early determinants or mor-
phogens’. The staufen (stau) gene plays
a critical role in the last step of bed
RNA localization, i1.e. its release from
the egg cortex of mature oocyte I1nto
anterior cytoplasm of activated egg and
early embryos. stau 1S also important in
the final stages of posterior Jocalization
of the osk mRNA in the egg’.

Pokrywka and Stephenson’ found that
bed, osk and certain other RINAs were
dynamically associated with cytoskeletal
elements during different stages of
poogenesis. These authors developed a
simple proceaure for fractionation of
detergent-insoluble cytoskeleton from the
soluble components of developing oocytes
and showed that the association of bcd
RINA with detergent-insoluble pellet was
dependent on the stage of oogenesis. In
the mature oocyte when bed transcripts
remain in the egg cortex at the anterior
end, all of these were bound to cyto-
skeleton elements, but after egg activation,
most of the bcd RNA was recovered in
the soluble fraction. Like the bcd, the
osk transcripts also showed a dynamic
association with cytoskeletal componenis
during oogenesis.
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Identification of the wvarious proteins
associated with the pellet and soluble
fractions through Western blotting led
Pokrywka and Stt‘:phﬁﬂﬁi}ﬂg to conclude
that microtubules, and not microfilaments,
are required for the assorting of bed RNA
in the pellet fraction and the pellet fraction
is enriched in components required for
stable anchorage of bcd RNA rather than
in elements required for initial localization
events like transport or docking. It was
also clear that the localization of bcd
transcripts in nurse cells and in deeper
cytoplasm of egg involves different
mechanism than localization in the
anterior cortex of mature oocyte, which
alone was pellet-associated.

The stau protein has a very interesting
role in localization of both osk and bcd
RNAs at opposite ends of the egg. In
the case of osk RNA, it has been known
that the stau protein 1s associated with
osk RNA to mediate its binding with
cytoskeletal components that transport the
complex to the posterior pole'’. Other
studies have shown that the plus ends of
microtubules within  the oocyte are
polarized towards the postenor pole!!. A
visual demonstration of the posterior
facing of the plus ends of microtubules
in oocyte was provided by Clark et al.'?
in flies transformed with a chimeric gene
having the kinesin domain on its 5 end
and the B-galactosidase coding region on
the 3’ end. this fusion protein retains the
properites of Kkinesin (moving along
microtubules towards their plus ends) and
also shows B-galactosidase activity, which
can be cytochemically visualized as blue
staining with the X-gal substrate. Since
all the blue staining {3-galactosidase acti-
vity was seen to move posteriorly (due
to the kinesin domain) in oocytes of these
flies, it was obvious that the microtubules
in oocytes are highly polarized with their
plus ends pointing posteriorly. Viewed in
this context, it becomes clear that binding
of the stau protein with osk transcpipts
facilitates attachment to microtubules for
transpotrt of the osk transcnpis to the
posterior pole. Once the osk transcripts
are delivered at the posterior pole, the
stau protein is freed and quickly recruited
for bcd localization.

Ferrandon et al.’ have very convin-
cingly documented a mutual binding of
the stau protein with the bed RNA and
the interaction of this compiex with
micsotubules. These authors used an RNA
injection assay to map the 3° UTR of

bcd RNA necessary for anterior localiza-
tion and (o visualize its specific interaction
with the stau protein. In viro transcribed
bcd RNA (full-length mRNA or the 3’
UTR or various]ly mutated 3° UTR) was
microinjected at ectopic sites in O to
1 h-old embryos (the endogenous bcd
transcripts at this stage are anteriorly
localized), and following a brief chase,
the embryos were fixed to immunologi-
cally monitor the distribution of stau
protein: the normal bcd 3° UTR rapidly
recruited the stqu protein around itself to
result In microscopically visible ag-
gregates which moved during cell cycle
stages in microtubule-dependent manner.
Using deletions and linker-scanning sub-
stitutions, three noncontiguous localiza-
tion signals in stem III and distal regions
of stems IV and V of the predicted
secondary structure of the bcd 3° UTR
were identified. The sfau-dependent
localization of bcd RNA at the time of
egg activation and its earlier stau-inde-
pendent localization to anterior cortex of
oocyte use different but overlapping
sequence signals. Aggregation of the cel-
lular stau protein in early embryos with
the microinjected appropriate bcd 3° UTR
RNA and their movement with micro-
tubules showed that the bcd transcripts
and the stau protein are dependent on
each other for complex formation and
localization. It is interesting to note that
during oogenesis the bed transcripts and
the stau protein do not recognize each
other; at that time the stau protein 1s
involved in localizing the osk transcripts.
Only after delivering the osk transcripts
at the posterior pole, does the stau protein
quickly move to the antenor of egg and
bind with the bcd RNA for its localization
and anchorage at the anterior region. Since
in both the oocyte and embryos the
lucalization of the stau protein depends
on the appropriate RNA (osk in oocyte
and bcd in early embryos) and vice versa,
Ferrandon et al.'” suggest that perhaps
the same microtubule motor is involved
in both these transcript movements. How-
ever, the events that make the stau protein
change its affinity from osk to bed
transcripts in the mature egg are not
known. Also, if the stau—-bcd complex
has to move on the same wmicrotubule
motors as the stau—osk complex, a change
in the microtubule polanity may be neces-
sary.

The myelin basic protein mRNA
when microinjected into mouse oligo-
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dendrocytes also aggregates into large
particles that are transported along
microtubules in anterograde direction'®.
It is very hikely that many more such
examples will be known soon and a class
of proteins will be identified that recog-
nize the ‘RNA zipcodes’ and accordingly
transport the RNA with the help of cyto-
skeletal components and deliver them at
the specified destination. While micro-
tubules may be principally involved in
the transport, the actin filaments may
have a greater role in anchoring the
localized transcripts. Also, as in the case
of osk and bcd transcript localizations
during different stages of oogenesis, dit-
ferent subsets of cytoskeletal components
may be involved in transport as well as
anchorage of the same RNA in a stage-
dependent manner. With the feasibility
of doing sophisticated biochemistry and
molecular probing in situ in the cell at

light as well as electron microscopic
levels, it should be possible in the near
future to have full graphic details of the
movement of specific transcnpts in cells
to their destination and their anchorage
after delivery.
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OPINION

Declining phase of quality research in our universities

Samir Bhattacharya

A ripple is taking the shape of a vigorous
wave, we have ignored it for long and
allowed it to grow, and were not careful
enough about the power of its irreparable
damage. 1 am talking about the declining
phase of our university research environ-
ment. Evervone in the aradcmic domain
knows in what way the job of a university
teacher differs from a college teacher.
Teaching and resecarch is obligatory to
the university teacher while the latter is
not so for a college teacher. To sustain
and strengthen the academic environment
in higher education, research activity 1s
a must, as feedback from research will
keep the standard of teaching high and
the creativity of a teacher will encourage
the students of higher educaton 1o
develop their finer qualities  Although
these are known, what we are withcssing
in our counlry is the fast receding of
such a notion in university education.
Doubtlessly, it is the untversity (o be
blamed  for this deterioration, more
precisely, it is the university teachers.
Everyone is pointing to the degeneration
of rescarch quality in our universities,

but there is no serious effort as yet to
recuperate the university from this situa-
tion. We have not so far been conscious
enough about the fact that such a trend
of low-quality research activity would
destroy our university system, which is
the primary productive contre of higher
education. Masters degiee is the essential
passport for research career 1n any insti-
tution of this country:

Let us first see what could be the
possible reasons for this situation. The
present policy of merit promotion in the
universities is a major factor, where
quality is not the regulatory factor. A
university teacher has to wait for a specific
time period and her/his potentiality is
then judged by the number of papers
published and the number of PhD’s
produced. Except for a few universitics,
in most of the universities the number
of publications is one of the major ¢nltenia,
not the quality of publications. This has
resultcd in the mushroom growth of
private journals (published by a person),
where peer ryeview system  does not
operate and money is the prime objective.
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If one pays the publication charges, a
paper will be immediately published. Such
an easy way of increasing the number
of publications and then claiming the
promotion has two pronged injurious
effects on the academic environment; (1)
it substantially reduces the desin  for
quality research among the teachers and
(i1) it dampens the spirit of a young
incumbent in the university. One may
presume it to be impossible as members
of selection committee should definitely
scrutinize the quahlity of publications. Un-
fortunately, this usually does not happen
in the majority of universities even if the
post is an open post. The system of
selection somctimes includes allocation
of marks for the number of publications
and not for the guality of publication. A
person who miay have two high-quality
publications in well-reputed international
journals may not be sclected against a
person who has ten publications in uin-
referced low-quality journals. Another
harmlul trend 1s the yield to local pressute
by the university authorities where the
preseice of pﬂlilll..\ll mihicu worsens the
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