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When three is not a crowd
Beginning from the birth of RNA to its death, RNA-protein interactions require, in many instances,
specific recognition of the RNA target by a protein. Specific recognitionunderlies mRNA processing,
chromosome-end duplication and many developmentalevents such as early patterning of the
Drosophila embryo. Decisions on cell fate during early stagesof developmentregulate the activity,
stability and cellular localization of mRNAs. Several experimentalstrategiesto detect RNA-protein
interactions have been designed to assessin vivo and in vitro interactions. Recently a variation
of the widely used two-hybrid transcriptional transactivationassay for detection of protein-protein
interactions has been adaptedto explore functional RNA-protein interactions in vivo. In this genetic
assay,termed the three-hybrid assay,the budding yeast is used as the biological system, and the
assay
is based
on interactions
between
two
fusion proteins
and a hybrid RNA, which are used
to
activate
transcription
of reporter
genes
(SenGupta
et al 1996).
~
In one of the three yeast shuttle plasmids used in this assay,sequencesfor the well characterized
DNA binding domain of the bacterial LexA protein are fused to the bacteriophage.MS2 coat
protein sequences.The latter domain binds with high affinity to a 17nt RNA stem-loop normally
present in the phage RNA genome. This LexA-MS2 fusion protein (hybrid proteinI) is expressed
constitutively in yeast. A second yeast plasmid transcribesa bifunctional hybrid RNA containing
sequencesof the MS2 RNA that constitute binding sites for the coat protein and also the desired
test (potential) RNA binding sites. The third yeast plasmid expressesa library of cDNAs or
genomic sequencesfused to the transcription activation domain of the Gal4 protein to generate
hybrid protein2. All these plasmids are expressedin a yeast strain in whose genome the bacterial
lexA operator sites (lexAop), controls the expressionof two independentreporter genes-LacZ and
the yeast HIS3 gene. Binding of the hybrid proteinI at lexAop, and the corollary binding of the
hybrid RNA to hybrid protein!, positions the test RNA sequences in the proximity of the
transcription start sites of reporter genes. Further, if the second hybrid protein contains cognate
binding sites for the test RNA sequences,this will position hybrid protein2 with the transcription
activation domain favourably situated to activate the transcriptionof the reporter genes (figure I).
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This exquisite system has been used effectively to understand an important developmental switch
during sex determination of the nematode Caenorhabditis elegans. Regulatory sequences in the 3'
untranslated regions (3'UTR) of mRNA are often critical in development, and in C. elegans they
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containing the potential binding site has
been effectively used in a three hybrid
a sa
Styy to ident.f a reguI at or 0f Fem3
and thus of the sperm/oocyte switch.
The hybrid RNA, i.e., the bait for
specific interacting proteins, contained a tandem duplication of the 3'UTR sequence in FEM3
RNA. In screening a C. elegans cDNA library by the yeast three hybrid assay the group utilized
the sensitive genetic markers available in yeast to specifically identify interactions that were hybrid
RNA dependent (Zhang et al 1997). The specificity of the RNA-protein interaction was verified
by using mutant versions of the target RNA sequences. 'The interacting clones were used to
identify full-length cDNA which defined two highly related genes encoding what have been termed
Fern binding factors (FBF1 and 2). The striking feature of the derived amino acid sequences in
these factors is the tandem repetition (8 in this case) of a highly conserved sequence with
homologues in the animal and microbial kingdoms. That these-repeats form the core RNA binding
sequences in Fbfl was revealed by testing deletion derivatives of Fbf1 for RNA binding to 3'UTR
of Fem3. The repeats of Fbfl are similar to those of the Drosophila protein encoded by the
PUMILIO gene. Pumilio binds to nanos response elements in the 3'UTR of Hunchback (HB)
mRNA, thereby causing translational repression and destabilization of HB RNA (Curtis et al 1995).
Thus Pumilio together with Nanos impose on Hunchback its asymmetric expression, restricting its
expression from the posterior of ,the embryo. FBP may also have partners in its function and the
best candidates for these roles are the mog genes which are also required for the sperm/oocyte
switch (Graham et al 1993). Both FBF and Pumilio define members of a large and evolutionarily

wide-spread protein family which these authors now define as the Puf family. The proposed
functions for these factors are as sequence specific RNA binding proteins. Eight repeat units of
decapeptide sequence and conserved segments before the first repeat and after the last repeat
constitute identifying motifs in other homologues. In this general modular ~ucture these RNA binding
sequences are similar to the other classes of RNA binding sequences for 'instance the RRM domains.
The success of this search for RNA binding developmental regulators, suggests that similar elements
in the 3'UTR of many other genes may be amenable to the three hybrid analysis.
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Decisions, premonitions and hunches:
Is there any rationality?
Rational thought and calculative decision-makingabilities are evolutionary assets.In terms of how
complex these can be, primates fall in a class quite apart from the rest of the fauna on earth.
One may term these abilities as attributes of neural supremacy. Even though they can be
labelled-not described-with relative ease,there are facets to them which escapedefinition. At
times they end up being classified within the mystical realm-as premonition, sixth sense and
even extra sensory perception. One might think that the serious business of day-to-day decision
making is far too complex to be passed off so trivially. In fact, recent experiments suggest a
hitherto unsuspectedreliance of decision making on these 'extra' or 'emotional' elements.
Making a decision implies the execution of a choice subsequentto the successful completion
of a series of events in the brain. These include (i) gathering of information on the situation, (ii)
comparison of the current situation with previous experience(in an attempt to correlate long term
repercussions of similar choices), (iii) computation of the choice that would reap the best benefit
and (iv) initiation of appropriate motor activities concerned with the execution of the decision.
The first of the above processes,i.e., those concernedwith the "assimilationof information, have
been extensively studied in the visual system of primates. The studies make use of a number of
psychophysicalassayslike the direction discrimination task, the binocular rivalry task, visual search
task, the delayed match-to-sampletask etc. ,(Leon and Shadlen 1998). Many of these tasks reveal
the animal's ability to pick out the information most relevant to the situation from a background
of insignificant inputs. It is intriguing to speculate to what degree information-gathering and
decision making run in parallel. The brain could encourageinput from all available visual fields
but choose to compute its decisions based largely on the dominant input. Or, it could focus all
its information-gathering potential towards the dominant field. The latter would risk the loss of
possible nuggets of useful information in ignored or discarded fields, while the former would
require a continual weighting mechanismto define a dynamic dominance.
Studies on the visual cortex of monkeys using functional magnetic resonanceimaging (tMRI)
show that multiple stimuli in neighboring receptive fields compete with each other for functional
access to the processing centers (Kastner et al 1998). The outcome of the competition seems to
be biased by a weighting mechanismthat is manifest in the animal's spatially directing its attention
to a particular object. The authors argue on the basis of this that only a limited amount of what
we see reachesthe centers of consciousness.However, it is quite likely that the 'recessive' fields
of information are not altogether discarded. The extent to which an explicit awarenessof their
existence impinges on the final decision is not easily estimated,but the activity of sensorycenters
suggeststhat this information is acquired. One might argue that it would be expectedof an animal
to demonstrate awareness(by the activity of effector circuits) of only a subset of what it is
actually aware of (at higher levels of neural processing).Then it would be seento tackle its most
pressingconcernsfirst, but its subsequentbehaviourwould be modulatedon the basisof 'afterthoughts'
that resulted from a rational computationof all the available data-dominant or not.
Perception of the situation and its relay to the centers of computationare not enough to ensure
that a rational decision is made. In the early 90's Damasio and others noted that patients with
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