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15t Semester 2024/25-0421-4129
Advanced Molecular Biology “The RNA World”

The study of RNA structure and functions lagged behind those of DNA and proteins due to its
relative instability and the misconception that it merely mediates the information transfer
between DNA and proteins. Nonetheless, individuals like Francis Crick, Leslie Orgel and Carl
Woese thought otherwise. Besides serving as a viral genomes they argued, RNA folds globularly
and hence may harbor pockets able to bind metabolites and perhaps catalyze enzymatic
reactions. As such, RNA could have self-replicated and, hence, act as an early driver of the
Darwinian evolution, before translated proteins and DNA genomes existed. Support to this
“RNA first” notion lent two the discoveries: of reverse transcription of DNA on an RNA template
and of catalytic RNAs (ribozymes) including those responsible for peptide bond formation and
mMRNA splicing. Such ribozymes served as experimental paradigms, of RNA structure-function
relationships. Although most natural ribozymes acted on RNA phosphate centers, artificial
selection (SELEX) expanded the range of known ribozyme-catalyzed reactions needed to sustain
an imaginary RNA World. Parallel development of new generation sequencing (NGS) enabled
sequencing cDNA libraries even of the entire cellular RNA inventory. This revealed near
complete transcription of complex genomes and that the number of functional human RNA
species far exceeds that previously assumed. Many of the novel RNA species thus discovered
regulate various gene expression stages and deficiency, excess or mutational changes of some
account for disorders including autoimmune and cancerous diseases. Yet, these data are only a
tip of an iceberg yet to explore. Addressing this gap calls for familiarity with the principles of

RNA structure and function relation and the tools to explore it this course strives to avail.

Our course has three divisions termed past, present and future. The first entails hypotheses
concerning the origin of RNA and its role early in life’s evolution, before the ascent of translated
proteins and DNA genomes. The second concerns extant life, where ancient RNA functions in
splicing, decoding the genetic message and forming the peptide harbors molecular fossils, i.e.,

early life relics. Translated proteins probably took over some other ancient RNA functions
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while, on the other hand, RNA evolved in extant life a variety of added tasks in regulating
various stages in genome replication, transcription, mRNA splicing , the synthesis of proteins
and their transport to their cellular or extracellular destinations. The future chapter deals with
state-of-the-art technologies allowing to simultaneously determining the structure, dynamics

and fate of the entire cellular inventory of RNA.

Why devote an entire course to RNA?

The study of RNA structures & functions lagged years behind those of DNA and protein, a lag owing
to technical problems and a misconception. Instability of RNA molecules compared to DNA and
proteins impeded their isolation and characterization. In the early days of molecular biology, RNA
was considered mainly as an intermediary transmitting the genetic information contained in DNA in
form of nucleotide sequences, allowing translate them into the proteins’ amino acid language. Yet,
some investigators including Francis Crick, Leslie Orgel and Carl Woese thought that RNA is capable
of more. They were aware of the existence of viral RNA genomes and, importantly, of the globular
structure RNAs molecules assume, reminiscent of the way proteins fold. As such, RNA could have
harbored pockets able to bind specific metabolites and, perhaps, catalyzing enzymatic reactions.
Accordingly, these dual roles could allow RNA act as a self-replicating genome and evolve before
proteins and DNA appeared on the scene. Strong support to this idea lent the discoveries of (a)
reverse transcription of DNA copies of an RNA template, (b) short RNA stretches serving as DNA
replication primers, and, importantly, (c) the existence of catalytic RNA molecules termed
ribozymes, which partake, among others, in the formation of the peptide bonds during protein
synthesis at the ribosome. Before delving into the topics of the course, | will briefly describe my
role in it as well as yours. That is, in the first part of the course | will be teaching the class frontally.
In the second part, the class will teach itself, where each participant presents a short talk about a
selected relevant research paper, a presentation that earns hers/his half the final grade, the

written exam providing the other half.
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The discoveries mentioned above also spurred the development of novel technologies that made it
possible to identify, isolate and determine the sequence of the various cellular entire cellular
collection of RNA species (the transcriptome), model their structures and discover their functions.
The data obtained revealed near complete transcription of complex genomes like the human. In
other words, the number of RNA species it encodes far exceeds that assumed before. Many of the
numerous novel RNA species discovered play key regulatory roles in various stages of gene
expression. Importantly, the absence or inadvertent over-production of or mutations in some of
the previously unknown RNAs account for various pathological disorders, including autoimmune
and cancerous diseases. Moreover, the insights gained so far likely represent a tip of an iceberg of
relevant facts remaining to discover. Filling this gap in requires familiarity with RNA’s structure and
function principles and with the relevant research tools. Participation in this course may help
reduce this gap.

| divided the course symbolically into past, present and future chapters. In the first, we will discuss
hypotheses about the origin of RNA at the brink of life, in an extinct world in which translated
proteins and DNA genomes did not exist. The second part discusses the state of RNA in present life
forms (extant life) in the key processes of decoding the genetic code and forming the peptide bond
during protein synthesis as well as the plain and alternative splicing reactions of mRNA maturation.
The RNA portions exercising these ancient roles, are rightfully considered as a molecular fossil from
the dawn of life, i.e., from the conjectured RNA World. Apart from these ancient functions, RNA
acquired may new tasks in a variety of control stages, from regulating replication and transcription
to RNA splicing, the simple and the interchangeable, as well as directing mature proteins to their
various destinations within or outside the cell. The third, future chapter is devoted to state-of-the-
art technologies allowing simultaneously assessment of structure and dynamic interactions of all
RNA molecules present in a cell.

| will teach the class in one part of this graduate course. In the second part, the class will teach
itself. That is, each participant will prepare a short lecture about a relevant research article, usually

picked form lists included in my first presentation.
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Why devote an entire course to RNA? The study of RNA structure and functions lagged behind
those of DNA and proteins for both technical and theoretical considerations. RNA’s high fragility
rendered its isolation and structural structural-functional characterization of the vast majority of its
myriad molecules much more difficult compared to proteins and DNA. What is more, in the
heydays of the “Central Dogma of Molecular Biology (DNA->RNA-> Proteins) RNA was considered
primarily as an intermediary in the transfer of genetic information from DNA to proteins. However,
even then were researchers who argued that RNA not only can serve as a template for its own
replication but give its globular structure, may be encoded with protein-like specific binding and
even catalytic activities. As such, unlike DNA and proteins, RNA could catalyze its own
reproduction and, hence precede the two other informational macromolecules in the evolution of
life. Important discoveries made in the 1970s and 1980s reinforced these notions. They included
the reverse transcription of DNA from RNA templates and the existence of catalytic RNA molecules.
The latter, termed ribozymes were shown two decades later to constitute the catalytic hearts of
the ribosome and the spliceosome.

These discoveries spurred the arrival of technologies enabling the identification, isolation and
determination of the structure and functioning of the entire cellular RNA molecules. The emerging
data revealed, among others, that complex genomes such as the human undergo transcription
almost in their entirety. In other words, the number of RNA species acting in the cell is far greater
than the previously assumed. Many of the newly discovered RNA molecules turned out to play key
roles at the various stages of gene regulation and organism development. Importantly, certain
pathologies, including autoimmune and cancerous, result from a deficiency/excess/mutation of
such a regulatory RNA molecule. These insights form just the tip of an iceberg yet to unravel.
Filling the gap requires familiarity with the principles of RNA structure-function relationships as
well as with existing and upcoming technologies intended to decipher RNA structure, mechanism
and biological function, knowledge needed for developing novel drugs and other biomedical tools.

Sharing our joint effort could contribute to these goals.
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