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The large numbers of steps involved in DNA replication and gene expression which involve
RNA molecules are playing crucial important roles that might reflect the descendence of the
present day organisms from an inherited RNA world in which both replication and storage of
the genetic information were accomplished only by RNA [1]. Whether such a nucleic acid based
prelude to extent life existed or not, the wealth of different contemporary RNA structure folds
justifier anther notion of a world of RNA molecules. RNA plays key roles in biological process [2]
and has many advantages as an attractive drug targeting because its accessibility in ribonucleo
protein complexes the diversity of 3D structure folds and the absence of celluer RNA repair
mechanism[3]to allow a selective binding of active molecules. Technical progress of both RNA
synthesis and structure determination has growing rapidly in recent years and this in turn
expanding the knowledge about the 3D structure of RNA and this paving the way for rational
design of therapeutic compounds which binds specifically to RNA folds .
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ADVANTAGES OF RNA-BASED THERAPIES
The main advantages of RNA as an Active Pharmaceutical Ingredient (API) are listed to
be: 1- its production and conversation are easy biological process 2- its half-life can be exactly
determined through chemical modification, 3- RNA is not immunogenic as opposed to DNA or
proteins, 4- RNA can be, theoretically, an active ingredient against any diseases : for correction
of pathological genetic defects , prevention or cure of infections , treatment of tumors , therapy
against degenerative disease and control of allergies .
Here in this chapter, there will be attempts to introduce a survey about current efforts to
benefit from RNA as a drug target. In section 2, overview of the many roles RNA play in biological
process with emphasis on RNA molecules as a potential target in pathological process. Finally,
current knowledge on RNA recognition by small molecules may foster the development of
techniques for the stricter based design of drug target at RNAs.

ROLES OF RNAS IN BIOLOGICAL PROCESS

Genomic replication and gene expression are one of the most ancient cellular processes that
involving many different RNAs structures (Figure 1) while following the flow of genetic dogma
from DNA to messenger RNA (mRNA) to protein. So that the accurate synthesis of proteins is
critical to the proper functioning of cells and organisms. We will see in this chapter that the linear
order of amino acids in each protein determines its three- dimensional structure and activity.
For this reasons, assembly of amino acids in their correct order, as encoded in DNA, is the key to
produce a functional proteins.

Figure 1: The three functions of RNA in protein synthesis. Messenger RNA (mRNA) is
translated into protein by the combined of transfer RNA (tRNA) and the ribosome, which is
formed from numerous proteins and two major ribosomal RNA (rRNA) molecules [46].

Genome Engineering | www.smgebooks.com

2

Copyright  Fawzy A.This book chapter is open access distributed under the Creative Commons Attribution 4.0
International License, which allows users to download, copy and build upon published articles even for commercial
purposes, as long as the author and publisher are properly credited.

Firstly, mRNA carries the genetic information copied from DNA in the form of series of threebase code each of which formed specifies particular amino acid. Secondly, Transfer RNA (tRNA) is
the key component to decrypt the code words in m RNA. Each type of amino acid has its own type
of tRNA, which bind and carries it to growing end of a polypeptide chain if the next code on mRNA
needs it. The correct tRNA with its attached amino acid is selected at each step because each
specific tRNA molecule contains three-base sequences that can base–pair with its complementary
code in the mRNA. Thirdly, Ribosomal RNA (rRNA) which associated with a set of proteins to
form ribosomes. These complex structures catalyze the assembly of amino acids into protein
chains when moving along an mRNA molecule. In addition they bind tRNA and many accessory
molecules necessary for protein synthesis. Ribosomes are composed of a large and small subunit,
each of which contains its own rRNA molecules. Finally, Translation is the whole process by which
the base sequence of an mRNA is used to bind and order the amino acids in a protein. The three
types of RNA participate in this essential protein-synthesizing pathway in all cells, in fact, the
development of the three distinct functions of RNA was probably the molecular key to the origin
of life.

REPLICATION

At their termini, eucryotic chromosomes contain stretches of tandemly repeated species
specific DNA sequences, called telomeres, which protects the end of the chromosome from
deterioration or from fusion with neighboring chromosomes and are compulsory for continued
maintenance of chromosome length during replication [4]. Ribonucleoprotein enzyme telomerase
is used to synthesize the telomeric DNA which uses its RNA component as an internal template
for terminal addition of deoxynucleotides [5]. In the early stage embryo of vertebrates and in
germ cells, telomerase is active but it is shut off in somatic cells. In the majority of human cancers,
telomerase activity is up regulated, implying that malignancy may be linked to telomerase
dependent immortalization. So that inhibition of telomerase has been suggested as a target for
anticancer [6]. The RNA component of human telomerase comprising approximately about 450
nucleotides has been targeted with RNA cleaving ribozymes [7] and antisense nucleic acids [8].
Either modified nucleic acid [9] or highly selective binding of small molecule to the telomerase
RNA -protein complex will be needed to overcome the limitation of antisense approach in vivo
and ribozyme and exploit the ribonucleoprotein as a target for cancer treatment [10]. In addition
telomerase activity in kinetoplastid parasitic protozoa such as trypanosome and leishmania has
lead to suggestion that inhibition of telomerase activity will lead to anti parasitic activity [11].

The pathogen encoded enzyme Reverse Transcriptase (RT) converts the genome viral strand
RNA into double–strand DNA for insertion into the eucaryal host chromosome in reterovirus
infection [12]. Initiation of reverse transcriptase is set by cellular tRNA which hybridizes to the
Primer Binding Set (PBS) of the viral RNA. In several retroviruses, such as Human Immunodeficiency
Virus type 1 (HIV-1), additional between the viral genomic RNA and the primer tRNA enhance the
specificity of the initiation of reverse transcription [13] based on the data formed from probing
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and mutational experiments, a model of the initiation complex , formed between primer tRNA
3Lys and HIV-1RNA bound to the RT, has been constructed which suggests an intricate three
dimension [14] which serves as a putative target for RNA-binding drugs. Structural details of the
contracts between nucleic acid substrates and HIV-1 RT in the transcription complex have also
been elucidated by crystal structure analyses [15].

Another intermolecular RNA-RNA interaction playing an important role in the HIV-1 retroviral
cycle is the dimer formation between two copies of the viral genome. [16] Dimerization is begun
by an RNA loop-loop interaction [17], which is important for both replication and encapsulation
of the virus [18]. Models for the 3D structure of the hairprin dimer initiation complex have been
obtained by solution techniques. [19] Both a crystal and a solution structure of the mature complex
are available [20]. For a mechanism of plasmid copy number control widespread in eubacteriaan
RNA loop-loop interaction is also responsible. Plasmids are not important for the survival of
bacteria, but they encode a wide variety of genetic determinants of medical importance, including
specific virulence traits and antibiotic resistance. [21] In antisense control of plasmid replication,
two plasmid- encoded complementary RNAs form an initial contact through loop-loop interaction
complex [22]. This could be targeted by small molecules. In some eubacterial plasmids, including
Escherichia coli CoIE1, sense-antisense RNA pairing is dependent on an RNA binding protein, Rop
in CoIE1, which alleviate the annealing process [23].
The 1700 nt genome of Hepatitis Delta Virus (HDV), a small pathogenic RNA follow virus of
the hepatitis B virus, is replicated in a rolling–circle mechanism which gives rise to multimeric
genomic copies. Catalytic RNA motifs with in both the antigenomic and genomic RNAs, the
HDV ribozymes, process the multimers to generate linear monomers of the viral genome [24].
Aminoglycoside can be used to inhibit HDV ribozymes [25] which bind specifically to RNA fold.
The crystal structure of HDV has been used to determine the 3D stricter of HDV ribozyme [26].

BINDING OF AMINO GLYCOSIDE TO RNA

In addition also inhibit the self–cleavage of the hammerhead ribozymes, [27,28] small
catalytic RNAs involved in the replication of plant pathogenic viroid [29] RNA self- cleavage
in both hammerhead ribozymes and HDV proceed by metal ion dependent mechanism [30].
Displacement of catalytic metal ions by electrostatically complementary cationic compounds has
been suggested as the general principle of aminoglycoside actions on these ribozymes [31,32].

TRANSCRIPTION

During transcription, the first step in gene expression, RNA polymerase synthesizes an RNA
copy of the DNA template. Transcription initiation, RNA chain elongation, and termination are
tightly controlled both in eubacteria and eukaryotes [33,34]. RNA structure mediate several of
the regulatory mechanisms, [35] such as transcription termination by the eubacterial mRNAbinding Rho factor, [36] the tRNA- dependent transcription anti-termination in eubacteria [37]
and importantly, the transactivation of viral genome transcription in HIV and related retroviruses
[38].
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The Trans-Activation Region (TAR) near the 5, terminus of HIV and mRNA forms a hairpin
structure that interact the viral Tat protein. The interaction between the Tat protein and cellular
cycline-dependent kinases resulting to Phosphyorylation of the C terminal domain of RNA
polymerase II and enhancing both initiation and processive of viral mRNA synthesis [39]. Since
Tat-TAR interaction is important for viral replication, in the search for anti-HIV drugs, considerable
effort has concentrated on identifying and developing compounds which interfere with formation
of this protein RNA complex [38-40] Small molecule inhibitor of the Tat has been obtained by
combinatorial synthesis [41], rational drug design [42], High-Throughput Screening (HTS) and a
combination of these approaches [43]. Structure based design of legends specific for TAR [42,44]
will be greatly facilated by the availability of 3D structure of the free RNA , [45] the RNA binded
with argininamide, [46] and peptides derived from the Tat protein [47]. Interestingly, it has been
found that in the Red Clover Necrotic Mosaic Virus (RCNMV), transcription transactivation is
mediated not by a protein but by an RNA specifically binding to ATAR-like element [48]. The
RCNMV RNA-mediated transactivation provides another example in which RNA accomplishes
a function which, in many cases, depends on protein. It has been reported that the HIV TAR
structure is also required for another crucial process in the viral replication cycle [49] namely the
RNA encapsulation into viral particles [50]. RNA encapsulation required addition RNA interaction
namely those between the viral Neuclocapaside protein (NC) and the ψ signal sequence, which
consist of viral m RNA hairpin [51]. Structure based drug design could be used to prepare
inhibitors that are capable to target NC-RNA interaction because of the viability of 3D structure of
HIV-NC bound to the SL3 hairpin of ψ RNA which has been determine by NMR spectroscopy [52].

PROCESSING, TRANSPORTATION AND LOCALIZATION

Firstly, RNA transcription undergoes a variety of different processing and localization places,
depending on the organism and the type of RNA (mRNA, rRNA, tRNA … et al.). In all contemporary
cells, functional tRNA is tailored by the ribonucleoprotein enzyme RNase P cleaving the 5‘terminus
from longer precursor sequences [52]. RNase P is composed from one protein subunit (Eubacteria)
or several protein subunits (Eucarya and Archaea) and one RNA component of 300-400 nt which,
in all cases contains the catalytic center of the endonuclease activity. The RNA component of
eubacterial RNase P can be catalyze the cleavage reaction in the absence of the protein subunit,
thus may be different enough to allow specific binding of compounds to eubacterial enzyme.

Nucloside derivatives puromycin and aminoglycosides have been reported to inhibit RNase
P of Eschericuia coli [53,54] in addition to protozoan Teteahymena thermophila ,[55] this can
be done by the interaction with the RNA component . Analogues of vitamin A (retinoids) act as
inhibitors of RNase P Dictyostelium discoideum. [56] The 3D model for the RNA component of
eubacterial RNase P was obtained from compartaive phylogenetic analysis and biochemical date
[57]. mRNA is generated by processig machine involving small nuclear ribonuclear proteins
(snRNPs) in the nucleoplasm, ribosomal rRNAs (rRNAs) are maturated and assembled by
different set of snRNP in the nucleolus [53]. Vertebrate cells contain around 200 different sn RNPs
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which consist of one or several protein subunits and an RNA component (sn RNA) of 60-300nt.
The large function of sn RNA is splicing, which is the process of assembled snRNAs into arg “
spliceosomes” which remove interons from primary transcripts to yield mature mRNA .[58] The
splicing part of parasites has been suggested as a target for drugs to treatment fungal infection
[59] and trypanosomes [60]. More information has become accessible because of the viability of
the 3D structure of snRNP protein and protein-RNA complexes obtained from crystallography
and NMR spectroscopy [58]. A number of viruses encoded the small RNAs that associate with
protein component of host cell snRNPs and so from viral snRNPs [60] which would plays role in
the infection cycle by manipulating the host RNA processing machinery. Such snnRNP-forming
RNAs have been found in infection of human B lymphocytes with Epstein- Barr Virus (EBV). [61]
In infections with kaposi sarcoma- associated herpes virus (KSHV) and as component of the viral
replication complexes of Simian Hemorrhagic Fever Virus (SHFV) [62,63].

Splicing and transport of HIV mRNA is controlled by an interaction between the viral Rev
Response Element (RRE) and the viral Rev protein [64]. Rev-RRE interaction is required for
nuclear export for partially spliced and unsplicied viral mRNA encoding viral structures proteins.
Similar splicing control systems are found in Human T- Cell Leukemia Virus (HTLV) [65]. While
the primary structures of HTLV regulatory protein, Rex ,and its cognate RNA element, RxRE
,are disinct from HIV Rev/RPE . The mechanisms are similar for both systems [66]. So that
aminoglycoside antibiotics such as neomycin B can selectively bund to RRE RNA and prevent
Rev-RRE interaction in vivo [67,68] has intitied an intense search for RRE- binding compounds
by rational design and combinatorial synthesis [69-71] .Development of compounds that can
be targeted Rev-RRE system will be available because of the viability of 3D structure data for
complexes between the RNA-binding domain of Rev and both RRE and a ptamer RNAs [72,73] A
particular case of mRNA processing is the RNA catalyzed excision of introns independent from the
cellular splicing machinery. Among this family of catalytic RNAs are self splicing group I introns
[74]. Group I interons are very important target since this target since they occur in revelent genes
of pathogenic microorganisms but both in mammalian cells [75-77]. Group I introns from large
RNA folds with conserved core containing the splice site and the binding pocket for the guanosine
cofactor [78]. The 3D crystal structure of group I interon has been modeled using phylogenetic data
[79, 80]. Aminoglycoside [77, 81], tuberactinomycin family [82], and L- arganine derivatives [74]
have been reported to inhibited interon self splicing .HTS assays have been developed in order to
find other inhibitors [77,83]. The infrequent posttranscriptional modification process is Uridine
(U) deletion/insertions editions of mitochondrial mRNA in trypanosomes such as leishmania and
Trypanosoma [84]. The site specificity of U insertions and deletions is determined by short guide
RNA (g RNA) molecules which hybridize in proximity to the editing region and provide structural
elements recognized by the proteins of the editing machinery. [85] Because similar processes are
absent in humans, mitochondrial mRNA editing provides an attractive target for RNA- directed
drugs in therapy of trypanosome-caused diseases.
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Localizations and stability control of mRNA mediated by specific interactions mechanism with
protein are widely used to target the translation of messages in distinct regions of eucaryotic
cells [86,87]. A large number of mRNA are tightly attached to the cytoskeleton by RNA – binding
microtubule and actin-associated proteins [88]. mRNA localization has two complementary
functions, either to cause high local concentration of the encoded protein or to prevent high
level of the protein from being omnipresent in all cells. A common theme in RNA localization is
interaction between a cis-acting element, usually located within the 3, Untranslated Regions (3,
-UTR) of the mRNA, and a trans acting protein factor.

Defect in the recognition of mRNA regulatory elements by protein have been thought to be
involved in the human autoimmune disease paraneoplastic Opsclonus-Myoclonus Ataxia (POMA)
and the fragile X mentel retardation syndrome FMR. In POMA , a disorder associated with breast
cancer and motor dysfunctions, specific binding of the neuronal protein Nova-1 to RNA targets,
including the mRNAs coding for Nova-1 to RNA targets , including the mRNAs coding for Nova-1
itself and the inhibitory Glycin Receptor α-2 [GlyRα2] [88] is disrupted by antibodies . [89] The 3D
structure of the RNA- binding K Homology (KH) domains of Nova protein has been determined
by X-ray crystallography [90] revealing similarities to the RNA- binding regions of FMR1 [91] , an
mRNA-recognizing protein involved in FMR [92].

Cis-ccting sequence motifs located in the 3, -UTR of mRNA, are responsible for the binding
of localization and stability control factors [93]. In β acting mRNA, a conserved 45 nt motif in
the 3, -UTR is recognized by a Zipcode-Binding Protein (ZBP-1) which set the mRNA to the cell
periphery of fibroblasts [94] . ZBP-1 shares sequence similarity with the other known protein
firstly the Coding Region Determinant Binding Protein (CRD-BP) in mice [95], secondly the m RNA
localization factor Vera in Xenopus , thirdly the KH domain protein (KOC) which is over expressed
in human cancer cells [96], fourthly , the p62 Consenus Sequences RNA Binding Domain protein
(CS-RBD) in human Hepatocellular Carcinoma (HCC cells ) [97]. A highly conserved component
of the mRNA binds specifically to an RNA motif in the 3-UTR of Vgl mRNA (vegetal mRNA) [98].
CRD-BP, a KH domain RNA-binding protein are involved in increasing the RNA half life by binding
within the coding region of the oncogene c-myc mRNA, thereby preventing endonucleolytic
degradation [96]. Similarly mRNA stabilization has been reported for Urokinase Receptor (uPAR)
mRNA which is a target of a stability-decreasing regulatory protein [99].For Vascular Endothelial
Growth Factor (VEGF) mRNA which at its 3’-UTR .binds Heterogenous Nuclear Ribonucleoprotein
L (hnRNPL) [100] and for the tumer-specific c-fos and MYCN, mRNA which have 3’-UTR
recognition sites for regulatory RNA- binding protein which are possible malignant factors [101].
Expression of human GLUT1 is responsible for shutting out the the glucose over the Blood Brain
Barrier (BBB) which is responsible for regulating by a 10nt RNA element in the 3’-UTR which is
responsible for enhancing the stability of GLUT1 mRNA [102]. Brain derived protein have been
shown to exert the stabilization activity probably by the interaction with mRNA [103]. In addition,
the RNA- controlled regulation of mRNA stability is involved in the overproduction of cytokines in
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cancer and Amyloid Precursor Protein (APP) in cancer and Amyloid Precursor Protein (APP) in
Alzheimer’s disease [104]. Over production of APP can be caused by accumulation of APP mRNA
which is stabilized by protein binding to the 3’-UTR. A 29 nt AU-rich RNA motif in the 3’-UTR of
APP mRNA has been demonstrated to be a specific recognition site for several cytoplasmic RNAbinding protein (104) including Heterogenous Nuclear Ribonucleoprotein C (hnRNP C) which
upon binding, increase APP mRNA stability [105,106 ].

TRANSLATION

Aminoglycosides have been founded to be used to target the ribosomes which were found
to specifically recognize the eubacterial 16S ribosomal RNA component (rRNA) [107]. Its bind
to the A site of decoding region of rRNA [108]. Which result to miscoding during translation
[109]? The aminoglycosides have been founded to be interacted specifically with eubacterial A
site which are different from euocaryotic A site because at poision 1408, a guanine is found in all
eucayotes in contrast adenine is found in eubacteria [110]. The high identification specificity of
aminoglycoside is further highlighted by the finding that a genetically determined point mutation
in human mitocondrial rRNA which lead to increasing binding affinity to this drugs [111]. In
order to know more about the molecular origin of binding specificity a biochemical studied has
been done to known aminoglycoside-rRNA interaction [112] and biophysical methods [113116]. The 3D structure of a 27nt model RNA containing the eubacterial a site complexed with
the aminoglycoside paromomycin and gentamycin have been determined by NMR specteroscopy
[117]. More than one techniques have been used to study the interaction sites of aminoglycosides
on ribosomal A site RNA constructs [118]. Synthetic analogues of aminoglycosides [117] and
mimetics [119] have been used to tested the ability to target the ribosomal decoding region in
addition a high-throughput screening has been used to identify molecules with high affinity for
the 16S rRNA A site [120].
A number of antibiotics known to inhibit the peptidyl transferase reaction in the ribosome
by different mechanisms have been looked into for their binding regions on 23S rRNA [121].
For example, thiostrepton which is a large thiazole-containing cyclic peptide, which bind
to the conserved 58nt GTPase center of eubacterial 23s rRNA [122], and so that stablizes the
tertiary interaction within this RNA [122] and contrast with the conformational change within
the ribosomal L1 protein [123]. Crystallography analyses of complex between L11 binding site
RNAs and the L11 protein provided a molecular basis for the interaction of thiostrepton with the
ribosome [124].
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Thiostrepton

RECOGNITION OF RNA BY PEPTIDE AND PROTEIN
Most functions of RNAs require interaction with RNA-binding proteins and this interaction
are required for understanding RNA recognition by small molecules because protein may use
similar strategies to bind to RNA in addition, protein are important site for drug action, for
example a non- Watson-Crick G-G base pair within the HIV RRE RNA which is critical for the
binding of theneomycin B binding and the viral Rev protein [125]. RNA can be recognize by
peptide and protein [126]. An exponential growth of structural data on a wealth of novel proteinRNA interaction because of the viability of electron density maps of the ribosome with resolution
around 8A⁰, 5 A⁰ for the complete ribosome [127] and for the separated large and small subunits
respectively [128].

GENERAL PRINCIPLES OF PROTEIN-RNA INTERACTIONS

Although the structural variety of DNA –targeted proteins mulls over strategies for binding
double-strand nucleic acid helices , which is almost variable for the cellular DNA. RNA-binding
protein has been involved to recognize the integrate three-dimensional RNA folds, comparable
their complexity to protein structures. The major role of RNAs participating as functional players
in cellular processes, rather than being simply an intermediate storage of genetic information, is
attested by the occurrence of most RNAs participating as functional players in cellular process,
rather than being simply an intermediate storage of genetic information, is attested by the
occurrence of most RNA as least partially folded single–stranded molecules. Double-strand RNA
in regular A-form helices is only marginally suite for specific intermolecular interaction. The
distinguished base edges are placed in narrow deep groove [129] and the readily accessible
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minor groove contain the less information for recognition. Distortion of the regular A-form by
non-Watson-Crick base pairs, interspersed looped-out residues, and platform of consecutive
nucleotides lead, however, to an accessible widened deep groove [130]. Protein not only recognizes
but may also enhance such distortions of the RNA structure. Insertion of α helix (Figure 2A) or
a flexible protein loop into a widened deep groove is a constant theme in several protein-RNA
complexes [130]. Exposed β-strands in proteins provide an interaction surfaces for unpaired RNA
regions which can bind by stacking of splayed-out bases on aromatic acid chain (Figure 2B) [131].
Flexible protein loops participate predominantly in interaction with the RNA backbone (Figure
2C) which often leading to reduced loop mobility [131].

Figure 2: strategies for RNA recognition by protein. Explained by schematic views of a UIA
protein-RNA complex (right) [132] and a Rev peptide-RRE complex (left) [72]. RNA is shown
in dark gray in color. A: is an α helics can be inserted into the RNA deep groove which has been
loaded by the looped out residues .this residue can be contact with the base pair edge and sugar
phosphate backbone on the RNA. B: aromatic residue on the surface of β strands are accessible
for stacking with unpaired base in RNA loop. C: flexible protein loop can penetrate into RNA
folds. (PDB: 1EFT Left and PDB: 1URN right) this picture is made by Molecular Operating
Environment (MOE program).

A remarkable difference is observed in RNA complexes of small peptides versus RNA bound
to larger proteins [130]. In peptide–RNA complexes, adaptive conformational transitions are
frequently observed for peptide upon binding to a largely changed RNA scaffold. On the contrast,
larger proteins predominantly bind RNA as rigidly folded domains which provide exposed
surfaces, cavities, and dissect for the RNA substrate which adapts by conformational changes.
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MOLECULAR DETAILS OF PROTEIN-RNA INTERACTIONS
Protein-RNA interaction mostly involves the protein side chain (approximately 90% of the
interactions in all complexes of known structure [133], which act predominantly as H-bond
donors. In the RNA negatively charged phosphate groups of the backbone are the most important
H-bond acceptor. In protein-RNA complexes of known structure about 20% of the intermolecular
interaction involve the RNA 2’ OH group, equally often as a hydrogen bond donor and as a
hydrogen bond acceptor [133]. RNA-binding surfaces of peptides and protein are rich in the basic
amino acids arginine and lysine which account for about 60% of intermolecular H-bonds in the
RNA complexes [133]. The important function of arganine in protein-RNA interactions is due to
both its flat guanidinium side chain which allows additional favorable stacking interaction with
RNA bases and it is potency as a versatile basic H-bond donor.
Intermolecular stacking interactions in protein-RNA complexes can be extensive, involving
residues of both components in an alternating fashion, termed interdigitation [130]. Hydrophobic
parts of RNA bases accessible in triples, platforms, and non-canonical base pairs can act as surfaces
for aligning non-polar side chains of proteins [130]. Important contact sites for H-bonds are
provided by the Watson- Crick edges of RNA bases [130], namely the 6 and 7 positions of purines
and the 4 position of pyrimidines which, in helical regions, are all located in the deep groove. Only
one example of recognition by a peptide in the RNA shallow groove is shallow groove is known
in which aten-residue peptide specifically binds to an RNA helix when the central base pair is
G-U [134]. This system highlights a remarkable specificity potential in protein –RNA interactions
which allows for discrimination of a shallow- groove asymmetry as subtle as a single amino group
of a G-U pair. Non Watson-Crick base pairs can generally provide excellent recognition sites for
protein in RNA folds [135]. An example is sheared G-A pairs for which a characteristic “in-plane
breathing “motion has been observed in molecular dynamics (MD) simulation of RNA [136]. This
facilitates potential interactions of functional group on the Watson-Crick edges of the bases with
protein side chain.
Finally, there are ions and water which are intrinsic parts of the RNA three-dimensional
structure and play important roles in protein-RNA interactions [137]. In 3D structures of
protein–nucleic acid complexes, well orientated water molecules are often found at the binding
interferences where they extend shape complementarily by filling cavities [133]. As polyanions,
RNAs are inevitably surrounded by an important number of counter ions competing with proteins
for binding site [138]. Proteins can bind to RNAs at low ionic strength by an entropically favored
displacement of cations from electronegative pocket on the RNA. At higher salt concentration,
however, this process is reversed due to salt induces destabliziation of polar intermolecular
H-bonds and the competition between hydration equilibria of charged groups and salt ions [139].
Genome Engineering | www.smgebooks.com
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RNA RECOGNITION BY SMALL MOLECULES
Lead design by making a new small synthesitic compounds or derivatives of natural low
molecular weight compounds are become an important area of research. Aptamers are example
of naturally occurring RNA target by small molecules. Apatemer-nucleic acid molecules are
molecules which are obtained by in vitro selection (SELEX) of random sequence libraries and
bind substrate molecule with high affinity and specificity. In addition, in vitro selected aptamar
RNAs have been shown to recognize their cognate ligands in vivo [140]. So that, knowledge of
principle of adaptive molecular recognition in nucleic acid aptamer complexes [141] is promise
to accelerate rational drug design strategies for natural RNA targets. The are many reviewed that
discuses the selection of aptamers [142] and their three dimensional structures [143] and their
uses as potential diagnostic and therapeutic agents [144].

PHILOSOPHY OF TARGETING RNA FOLDS

In the early days of searching on small molecule- RNA interaction, May concepts of molecular
recognition had been adapted from knowledge on DNA complexes. So that, intercalators and
groove binders were among the first compounds systematically analyzed for their RNA- binding
capacity [145]. The application of recognition strategies derived from DNA targets on RNA is
largely limited by the very different three dimensional structures of functional RNA molecules [3]
which are not limited to regular double helices. The goal of achieving special RNA recognition is
factually closer to targeting protein than DNA, but with different weights on the distinct energetic
contribution to molecular interaction. Such contribution result from electrostatic interaction,
H-bond information, and non bonded interaction such as van der Waals force, Stacking forces,
and hydrophobic forces, and molecular shape complementarily.

ELECTROSTATIC FORCES AND METAL ION BINDING

Electrostatic forces play an important role in the interaction with RNA because of the polyanionic
nature of RNA. The majority of RNA- binding molecules both natural such as aminoglycoside [146]
1 and tuberactinomycin [82] 2,3 antibiotics and designed, including synthetic aminoglycoside
derivatives and mimetics [28] 4,5,6 macrocycles [71], cyclophananes [43], diphenylfuran [69],
polyamine-acridine conjugates [42] 7, argnine derivatives [147], and peptoid /peptide oligomer
[41] are cationic molecules carrying several positively charged groups.
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Electrostatic interaction will be done between the cationic groups and the negatively charged
RNA backbone and this lead to enhancing the binding affinity between drug-RNA complexes.
But the problem that they lack the selectivity. However, specific recognition in the binding of
conformationally constrained polycationic molecule to RNA folds as brought out by investigation
on the interaction of aminoglycosides with different RNA targets. [32]. In quantitative approach
using surface plasmon resonance, they are founded that by adding salt to RNA-aminoglycoside
complexes decreased both the specific and non specific binding to about the same extent [117].
Two mechanism confer the specificity to electrostatic interactions in RNA-drug recognition.
Firstly, electrostatic interaction with RNA are often part of polar H-bonds between anionic
phosphoate oxagens as acceptors and positively charged H-donor groups in the bound molecule
(Figure 3) while electroastatic force between the charged heavy atoms contribute to the binding
energy , the oriented nature of the H- bond provides directional specificity in the interaction.
Examples for this type of polar H-bond are the contacts between RNA phosphate oxagens and
ammonium groups of aminoglycodide observed in three dimensional solution structures of RNAaminoglycoside complexes [113].
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Figure 3: This figure illustrated the RNA recognition by small molecules; it’s showed the
schematic views of a 16S a site RNA-paromomycin complex [113]. RNA is shown as blue back
bone tube. The drug is shown in light grey color. Hydrogen bonds can form between the polar
donor and acceptor groups in the drug and the RNA. Frequently, negatively charged phosphate
groups of RNA backbone participate as hydrogen bond acceptors with cationic substituents
in the ammonium group (small molecule). This picture was made by Molecular Operating
Environment (MOE program) PDB: 1A3M [31].

Secondly, the 3D folding of an RNA chain into a scaffold of spatially placed anionic groups
which creates electronegative pocket where anionic group is focused [148]. The spatial
distribution of negatively charge pockets in an RNA folds provide a 3D pattern that can selectivity
bonded by compounds that exhibited structural electrostatic complementarily [31]. The principle
is exploited by aminoglycosides binding to RNA targets which have been used to investigate
the hammerhead ribozyme. This catalytic RNA is largely used for the studying of RNA- drug
interaction since, in addition to the binding affinity, the specificity of RNA recognition can be
determine by monitoring inhibition of the ribozyme. Following on the experimental observation
that neomycin inhibits the self cleavage of the ribozyme by binding competitively with the
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binding of catalytic metal ions to the RNA [149]. They are founded that solution conformers of
aminoglycosides provide conformationally constrained scaffolds carrying cationic ammonium
groups in the proper orientations so that it displaced several Mg II ions from their binding sites
in electronegative pockets of the hammerhead ribozyme fold [31]. From molecular dynamic
simulation of hammerhead RNA-aminoglycoside complexes they suggested that aminoglycosides
can mimic the interaction of Mg II ions with the RNA down to an atomic level live [31].
Experimental studies has been done on the hammerhead RNA-drug complexes containing

designed aminoglycoside derivatives in which the basicity, the number, the flexibiltiy of the
attachment of ammonium groups has been systematically changed [28] support the model of
structural electrostatic complementarily [32]. When both the charge density and the number of
ammonium groups in aminoglycosides are climbed the inhibitory activity of the compounds is
enhanced [28]. The binding selectivity of aminoglycosides to the target is largely diminished if
the conformational constrains on the aminoglycoside scaffold is slightly changed by replacing
one of the ring substructures with more flexiable alphatic chain carrying one or more amine
group [117]. The conception of structural electrostatic complementarily has been greatly used to
determine the structure basis of aminoglycoside inhibition of self-splicing group I interon [150].
The Mg II ions needed for the catalysis could be used to displace from the active site of a group I
intron by docking aneomycin B to RNA.
While the direct participation of metal ions in RNA function may be limited to ribozymes, the
role captions in stabilizing the three dimension structure of probably all RNAs offers a general
strategy for targeting metal ion binding pockets with positively charged groups, in order to
specifically anchor small molecules to RNA folds. Firstly: calculate electronegative pockets in RNA
FOLDS [148], secondly, anticipate on the fundament of structural electrostatic complementarily,
docking sites for the cationic compounds [43]. The anticipation method was used to construct
complex of aminoglycosides bound to HIV-1 TAR which explain, on a molecular basis, the
experimentally established allosteric mechanism [151] by which neomycin causes dissociation
of Tat-TAR complexes [43].

H-BONDS AND WATER MEDIATED CONTACTS

For the H-bond forming capacity of single atoms in RNA- small molecule complexes. It has
been discussed in protein- RNA complexes that the polar hydrogen bonds, predominantly
between the phosphate groups of the RNA backbone as acceptors and hydrogen atoms of the
small molecule, can contribute significantly to RNA-drug binding. there are a large date on
H-bonding in RNA-drug complex resulted from studying on RNA- aminoglycoside complexes
[152] such as oligonucleotides derived from the eubacterial A site rRNA [113] and NMR studies
on aminoglycoside complex of apatamer RNAs[153]. From the experimental studies of the 3D
structures of RNA- aminoglycoside complex it has been found that the ammonium and hydroxyl
group of the drugs are H-Bond donor who interacts with phosphate oxygen atom and with the
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N7and O4 atoms of purines and uredines respectively of the RNA backbone [153]. Similarly
observation has been seen on docking of aminoglycoside to RNA targets [31]. The variety
of substituents for both ammonium and hydroxyl groups in aminoglycosides along with their
conformational flexibility; provide a versatile tool for orientating H-bond donors in space so as to
provide a tight H-bonding network for recognizing RNA folds. The versatility of aminoglycosides
in RNA recognition is attested by the wide range of targets which bind binds compounds of these
families of drugs with high affinity. So that the sugar building block can be used as synthons for the
design of RNA –targeted drug [31]. There are many methods for example conventional synthetic
[117] or combinatorial synthesis [155] that has used to simplify aminoglycoside building block
and to obtain synthetically readily accessible carbohydrate mimetic [156]. H bond formation
involving the 2- amino group of guanine is more likely to be responsible for the shallow groove
recognition of the G-U wobble pairs by a small peptide [134]. Similarly, a specific h-bond between
the 2-aminogroup of the isolloxazine moiety has been proposed in model for the shallow –groove
recognition of G-U pairs by photo cleaving flavin derivatives [157]. Water may include in h- bond
formation in RNA-small molecule complexes complex as has been suggested for atobramycinRNA aptamer complex in this complex a water mediated H-bond between the hydroxyl group
of the drug and an adenine N7 atom can occur. Such water mediated H-bond contact between
the RNA and the small molecule, again preferably to phosphate oxygen atoms and N7 atoms of
purines have frequently been observed in MD simulation of RNA-aminoglycoside complexes [31].

STACKING AND INTERCALATION

The bases for RNA provided a surface for stacking interaction driven by hydrophobic effects,
that is, the exclusion of polar solvent from the proximity of the flat unipolar surfaces, van der
Waals interaction and interactions between aromatic П electron systems [158]. The full range
of this interaction is contributed in this chelation of planer aromatic moieties between nucleic
acid base pairs which is the binding mode of the variety of DNA targeted antitumor and antibiotic
agents [159]. Different classes of DNA intercalators have been systemically studied for their
affinity for RNA [160] were found to intercalate as well in A- form RNA duplexes [145]. For either
partial intercalator such as copper phenanthroline [161] the interactions with RNA have been
analyzed in modeled complexes of HIV TAR and tRNA respectively and classical intercalators such
as ethidium [160].

Due to the physical nature of the interactions involved, classical intercalation is relatively nonspecific. in an effort at rational design of drugs that capable to make inhibitors that capable to target
the HIV Tat-TAR complex, an aromatic acridine moiety for the interaction and flexible polycationic
anchor for electrostatic interaction with the RNA backbone have been done through an aliphatic
linker to give rise to the inhibitor of Protein-Ribonuclotide Sequence (in-PRiNts;7). While this
approach yielded a highly number of promising Tat-TAR inhibitors, large activity differences, not
easily linked to compound structure were found [42]. This suggests that additional restriction,
such as constrained conformational flexibility, might increase the inhibitors selectivity. For the in
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PRiNts types of RNA binders, a stacking interaction different from classical interaction has been
proposed which involve additional H-bonding between the subsisted acridine moiety and the
RNA base pair edges [42]. Nonclassical threading interaction has been explained as the binding
mode of synthetic diphenylfuran cations 8 which selectively inhibit the HIV resa binding to RRE
RNA [69]. Specific inhibitions of the HIV Tat-TAR interaction has been reported for the dervitives
of quinoxaline 2,3 dione and 2,4 diaminoquinozaline 9,10 which selectivity determine an internal
bulge and a loop in TAR RNA respectively [154].

The presence of several potential H-bond donar and H- bond acceptors suggested that this
compounds (quinoxalinediones and diaminoquinozalines ) bind similar to the in PRiNts in addition
this compounds showed increasing the specificity of the intercalation attested by the frequent use
of combination of stacking and H bonding as the recognition principle in RNA aptamer [141].
Stuffiest planer, unipolar molecules fragments can be involved in more general fashion in stacking
interaction driven by van der Waals force and hydrophobic effects. spectacular examples are seen
in aminoglycosides which stack with the less polar side of six-membered sugar rings on purine
bases in the 3D structure of tobramycin bound to aptamer RNA [162] and gentamycin bound to
an A site oligonucleotide [116]. In contrast, when a flat aromatic molecules stacking on the ribose
moiety of the RNA backbone, this clear when flavin depravities 8 bound to the shallow groove of
an RNA helix with a central G-U wobble pair [163]. Stacking of the isoalloxazine core of the flavin
on a ribose orients the small molecules to direct a carbonyl group into H-bonding with the free
2-amino group of guanine in the shallow -groove asymmetry created by the G-U pair.

SHAPE COMPLEMENTARITY AND CONFORMATIONAL ADAPTION

The complementarity of molecular shape can add a major force in the formation of molecules
with both high affinity and specify. This is mostly founded on many RNA aptamer [141]. For
example, in atobramycin-RNA aptmer complex, about 75% of surface area of aminoglycoside
is place inside the RNA fold [162]. Legend binding to an aptemer RNA is typically associated
with the conformational changes as the nucleic acid adapt to their substrate [141]. For natural
RNA targets, which on the other side of aptamers didn’t capable to bind specifically and tightly

Genome Engineering | www.smgebooks.com

19

Copyright  Fawzy A.This book chapter is open access distributed under the Creative Commons Attribution 4.0
International License, which allows users to download, copy and build upon published articles even for commercial
purposes, as long as the author and publisher are properly credited.

to small molecules so that shape complementarity might be more difficult to achieve? In the
complexes between eubacterial ribosomal A site oligonucleotides and aminoglycosides, however.
A reasonably good complementarity between the binding surface of the RNA and the drugs [113].
Shape complementarity can be accounted for remarkable site discrimination as was reported for
photocleaving phenanthroline rhodium complex that selectivity recognizes G-U base pair within
double–helical regions of folded RNAs such as tRNAs [164].
Conformational changes in RNA upon binding of other molecules can be large as for the
HIV TAR RNA interaction with argininamide [46] or a smaller as for the A site oligonuclotideaminoglycoside system [116]. The development of compounds of small molecule that upon
binding to an RNA fold, prevent a conformational changes necessary for the biological function
of the target is an important way to produce a promising target in the searching for therapeutic
compounds. The thiazole-containing peptide antibiotic thiostrepton recognizes a complex
structure in the conversed GTPase center of eubacterial 23S rRNA and stabilizes a tertiary
interaction which might required to be flexible for a functional interaction with the ribosomal L11
protein [123] rational design of effector with RNA conformational flexibility requires a detailed
picture of the 3Dstrucuture and functional of the RNA target . Extensive studies have led to the
suggestion that the allosteric mechanism by which neomycin B induces dissociation of HIV Tat
–TAR complexes [165] is based on a conformational arrest in which aminoglycoside locks TAR in
a conformer with low affinity for Tat [44].
Lastly, shape complementarity in RNA- ligand interactions is enhanced by structure water
molecules at the complex interfance, as they are commonly found in protein –drug complexes
[166]. By reorienting, water molecules can provide certain plasticity in H-bond information and
fill interfacial cavities. In order to include information about the positions of tightly-bound water
molecules in rational drug design, preferred hydration sites have to be determined by crystal
structure analyses [167] and MD simulations [168].

LEAD COMPANY

Eyetech Pharmaceuticals, Inc. is a biopharmaceutical company that specialized in the
development and commercialization of novel therapeutics to treat diseases of the eye (see www.
eyetech.com). Eyetech is traded on the NASDAQ National Market System under the symbol EYET.
Its initial public offering of 6,500,000 shares at a price of $21.00 per share was in January 2004.
Today Eyetech is a company with over 150 employees with locations in New York, New Jersey
and Massachusetts.

Macugen TM (Pegaptanib sodium injection), the anti-VEGF pegylated aptamer, Eyetech’s
lead product, is BEING developed for diseases of the eye together with Pfizer. By docking to and
blocking the function of VEGF, it interferes with the development of abnormal vessel growth
and leakage seen in neovascular (wet) Age-Related Macular Degeneration (AMD) and diabetic
retinopathy.
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In the United States, it is estimated that as many as 15 million people suffer from some form of
AMD and that there are more than 1.6 million cases of wet AMD. Approximately 200,000 new cases
of wet AMD arise each year in the United States. Although wet AMD represents approximately
10 per cent of all AMD cases, it is responsible for 90% of the vision loss associated with AMD. A
majority of wet AMD patients experience severe vision loss in the affected eye within months to
two years after diagnosis of the disease. Because AMD generally affects adults over 50 years of age,
it is expected that the incidence of AMD will increase significantly as the baby boom generation
ages and overall life expectancy increases.
Macugen TM has also been studied in patients with DME (diabetic macular edema). In the
United States, there are approximately 500,000 people suffering from DME, with approximately
75,000 new cases each year. It is expected that the incidence of DME in the United States will
increase as the number of people with diabetes increases. Because the existing treatments for
both wet AMD and DME have significant limitations, there is a significant unmet medical need for
a new therapy for these diseases.
In 2001, Eyetech initiated two Phase II/III pivotal clinical trials of Macugen for the treatment
of wet AMD. It involved 117 medical centers and enrolled patients with subfoveal wet AMD: 578
patients in the North American trial and 612 patients in the international trial. Patients received
one intravitreal injection of macugen EVERY SIX WEEKS. The primary efficacy endpoint in these
trials was the proportion of patients losing less than 15 letters, or three lines, of visual acuity
on the eye chart from baseline after 54 weeks. Based on the analysis of the data from the two
trials, the primary efficacy endpoint was met. Macugen was approved as a drug against AMD in
2004. Meanwhile, a phase II placebo controlled trial was done in the context of DME. Three doses
were tested: 0.3mg, 1mg and 3mg every six weeks for at least twelve weeks and endpoints were
measured after 30 weeks. Results showed statistical significance for all doses, with the highest
efficacy for the 0.3mg dose, similarily to the AMD trial. IN ADDITION TO AMD and DME, MacugenTM
may prove to be efficient in the treatment of Retinal Vein Occlusion (RVO), a condition that is also
characterized by high VEGF levels, abnormal blood vessel growth and blood vessel leakage. RVO
occurs when the circulation of a retinal vein becomes obstructed, causing blood vessel bleeding
and leakage in the retina. Laser therapy is sometimes used to treat this condition, but with limited
efficacy. A phase II trial with Macugen TM started in May 2004.

CONCLUSION

Aptamers, ribozymes, siRNA, immunostimulating RNA, and mRNA are as many tools that
have proven in pre clinical and clinical studies to be effective against a wide variety of diseases.
Production of these molecules is available at large scale and in GMP quality. The first RNA
oligonucleotide that reached the market (Macugen, Eyetech) has proven the pharmaceutical
potential of RNA and has paved the way for qualification and large-scale production of RNA.
Genome Engineering | www.smgebooks.com
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Most diseases with unmet medical needs can be addressed by one or several therapies
based on RNA. Cancer-related diseases, for example, may be treated by one or a combination
of RNA therapies. It could consist in an antitumor vaccine (based on mRNA together with
immunostimulating RNA) and/or specific inhibitors of oncogen production ribozymes or siRNA
specifically blocking the expression of growth factors) and/or aptamers that would recognize.
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