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Abstract

Recent research has clearly demonstrated that suppression of replication in mRNA viruses may be possible by stabilising
viral guanine quadruplexes (G4s). Whilst it has been previously only proposed that G4s could fold in the SARS-
CoV 2 genome, research confirming their definitive presence has since been published. A suggestion was made that
polyadenylation of SARS-CoV 2 might allow adenine quadruplexes (A4s) to fold as the necessary sequence was available.
The quadruplex topology appeared relatively stable. This further implies that there is potential for purine quadruplexes
to compromise the viral replication mechanism by improved stability. A4s in this scenario could compromise effective
Jfunctions in the poly(A) tail. However, whilst telomestatin and pyridostatin stabilise G4s, both are large molecules and
are not approved in general use. Furthermore, both have poor solubility and bioavailability. Moreover, both have been
trialled in G4 research with inconclusive outcomes. This current project designed and assessed a smaller, porphyrinoid
tetra-thionated analogue, PTTA, derived from an oxidised norcorrole as a possible acceptable alternative. Molecular
dynamics, ADMET and pharmacokinetic data were compared with results for telomestatin, pyridostatin and porphyrin.
By these metrics and comparators, PTTA is characterised by enhanced stabilisation of purine quadruplexes and with a

pharmacokinetic potential to reduce cytotoxicity.
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1. Introduction

Interest in guanine quadruplexes has been greatly amplified
by macro-scale analysis of vertebrate genomes [1]. Numerous
sequences capable of folding into G4s were found to be prevalent
[2]. Subsequently, bacterial and mitochondrial genomes were also
found to contain similar sequences [3]. Therefore, in vivo G4s
have an implicit biological role.

If unregulated, terminal regions of chromosomes would undergo
adverse reiterative extension. Such a runaway process could be
interpreted by cellular oversight mechanisms simply as damaged
DNA and flagged accordingly as deleterious. Enzymatic repair
in this circumstance would be inappropriate. In effect, G4s as
telomeric structures, signal an alternative to repair. Where possible
therefore, a d(TTAGGG)n sequence folding into G4s disallows
telomerase from inconsonant extension of the chromosome.

Although telomeric G4s are closely associated with telomerase
inhibition, and since telomerase affinity is preferential to linear
DNA, the enzyme may also have the capacity to dismantle G4s
[4.5].

The original proposal of the d(TTAGGG)n sequence as crucial
to G4 folding was displaced as the possibility of non-telomeric
G4s also became apparent [6]. Some 350 000 genomic sites
capable of supporting G4 folding were predicted with numerous
other guanine-rich sequences [7]. However, understanding of
G4 function is confounded by observations suggesting both
adverse and beneficial roles for the structures [8]. This paradox
is exemplified by telomeric extension remaining unchecked and
subsequent oncogenesis despite the presence of G4s. The issue is
currently unresolved with the implicit positive and negative roles
of G4s as persistently controversial [9].
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Despite noted adverse aspects, G4s are strongly associated with
suppression of telomerase [10]. Accordingly, drug design has
often focussed on stabilising ligands. Porphyrin ring structures
resemble guanine quartets and some analogues are characterised
by substantial binding affinity [11]. Both characteristics suggest
an encouraging anti-cancer propensity. Poor selectivity remains a
challenge however, as ligands do not discriminate between duplex
DNA and neoplasmic telomeres. Specificity is therefore a major
concern of drug design.

Whilst G4s folding in DNA have received widespread attention,
research surrounding RNA quadruplexes is still undeveloped.
Compromising replication in these species may be possible by
stabilising viral G4s [12]. Guanine quadruplexes are known to
arise with a maximum abundance during viral replication within
the host nucleus [13].

Given the proportion of viral to host G4 population may be several
orders of magnitude, this suggests promising selectivity as only
infected cells will have greatly increased numbers of G4s [14].
Furthermore, viral G4s are known to regulate regulation for some
viruses during lytic and latent conditions [14]. This hints at the
intriguing possibility of intervention at all stages of the viral life
cycle and a dividend for rational design of small neoteric ligands
targeting supramolecular complexes. For example, carboxy
pyridostatin has high affinity for guanine quadruplexes; earlier
work established adenine quadruplexes also have this property
[15]. Whilst it had been tentatively proposed that G4s could fold in
SARS-CoV 2, research confirming their presence has since been
published [16].

Although direct evidence for RNA G4s in viruses is currently still
putative, there is a strong consensus for the likelihood of their
presence [17]. There is a broad agreement of RNA G4 potential
contribution to viral pathogenesis, but opinions of specifics differ
[18,19]. A pyridyl porphine is known to be an efficient stabiliser
of G4s in Zika virus [12].

Viral persistence in host cells and avoidance of detection may
depend on G4s inhibiting viral proteins, repression of transcription
and influence viral replication [20-22]. In SARS-CoV-2, potential

G4-folding sequences interact with nsp13, a helicase responsible
inter alia for catalysis of G4 unfolding. The complex appears to
act as a brake on self-destruction [23]. Quadruplex topology and
variation in quartet bases may also underpin G4 unfolding [17].

A concurrent view of G4s as adverse in the viral replication
cycle, points to natural selection. A depletion of G4s from the
viral genome might be advantageous [24]. Non-transient G4s
compromise of replication or transcription would be obviated
and viral G4s may avoid a host recognition cascade by cellular
binding proteins. Two consequences may follow the prevalence
of G4s and their corresponding folding sequences. A low (or zero)
population would facilitate rapid infectivity, but greater ubiquity
would require a more covert strategy of invasion. Such a tactic
could resolve persistence of infection and favours a hypothesis
of SARS-CoV-2 behaviour [17]. The genomic impact of viral
G4s extending to adenine quadruplexes seems plausible. All the
observations referenced here suggest allocating an adverse impact
for indigenous supramolecular structures to RNA viruses. A
feasible corollary would be further investigation as suitable targets
for chemotherapy. Given that a norcorrole molecule is smaller than
other porphyrin species, it may better resemble G4 or A4 geometry.

In addition, some consideration was given to exploring the
potential for stabilised adenine quadruplexes to compromise the
replication mechanism within polyadenylated SARS-CoV 2.
Genomic sequences in the virus that could fold into G4s have
been noted; some latitude in the current study was given to the
possibility of adenine structures that could also fold. This latter
concept has implications for viral replication.

1.1. Polyadenylation in Viral Replication

Genomic polyadenylation in eukaryota and prokaryota is a
stabilising mechanism that sustains the export of mRNA from
nucleus to cytoplasm and allows protection from enzymatic
disposal [25]. The role of this feature, a poly(A) tail, differs
distinctly in viruses as evidenced by the expropriation of host
biology for solipsistic viral replication [26]. The poly(A) tail of
SARS-CoV-2 is located downstream of the 3’ untranslated region
(3°-UTR) in figure 1.
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Figure 1: Positive Sense Single-Stranded RNA Viruses are capped at the 5’ terminus and further stabilised by the addition of a series
of adenines at the 3’ terminus. Unlike open reading frames (ORF), regions coding for the spike protein and non-specific proteins,
the poly(A) tail appears not to have a direct coding function. S (structural protein), E (envelop protein), M (membrane protein), N
(nucleocapsid protein). Accessory factors are proteins with poorly understood functions but have an overall impact on pathogenesis.
Their locations are interspersed amongst the structural proteins. Non-specific proteins have a range of enzymatic activity.

The inherent sequence of adenines in the poly(A) tail could allow
quadruplexes to fold. If such events were to occur, their impact
on viral architecture may be significant. Furthermore, other
RNA viruses are typified by polyadenylation and include Polio,
Hepatitis C and HIV. Perusal of theoretical interactions between
this genomic element and supramolecular purine structures may

elicit prospects of chemotherapy. Accordingly, an investigation
should start with a survey of the polyadenylation process in RNA
viruses and its purpose in their replication. Sites identified in this
survey for A4ds to fold in the SARS-CoV2 genome are shown in
figure 2.
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Figure 2: Potential A4s for Biplanar RNA Adenine Quadruplexes Folding Show some Traits of Grouping. Two Sequences are Located

Immediately Prior to the Poly(A) Region

1.2. Modified Porphyrins

There have been some biomedical issues regarding formulation
of metallo-porphyrins generating cytotoxic reactive oxygen
species and accurate targeting. Recent nanotechnology appears
to be addressing these challenges [27]. Based on its specificity
for G4s over duplex DNA, telomestatin should be a suitable
scaffold. Modifications should encompass the Lipinski guidelines:
a molecular weight <500, low lipophilicity (logPo/w typically
between 2 and 5), good solubilty and oral bioavailability. Blood
Brain Barrier (BBB) permeance would be advantageous and
also resistance to effluence by the phospho-glycoprotein (P-gp)
mechanism. G4 inhibition of telomerase in cortical cells could
reduce neural neoplasms. However, designing drugs capable of

crossing the BBB has proven very challenging, and many are
rendered less effective by the cellular efflux action of P-gp [28].
Although telomestatin has a high affinity for telomeric G4s,
and may enhance quadruplex stability, it has characteristics that
contravene three Lipinski requirements. It has very poor solubility
and gastrointestinal absorption. Moreover, it is a substrate for P-gp
and not BBB permeant. Nevertheless, telomestatin was selected
as a scaffold despite the higher affinity of pyridostatin for G4s and
carboxy-pyridostatin characterised by selectivity of RNA models
over DNA equivalents [29]. A smaller telomestatin analogue
should facilitate docking protocols and monitoring.
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1.3. Binding with Guanine and Adenine Quadruplexes parametrisation (CHARMM-GUI) and molecular dynamics
Configurations are very similar for both models (figures 3a,3b, analysis (NAMD) agree closely that the planar PTTA structure re-
4a and 4b). Docking software, (AutoDock Vina), ligand aligns marginally to a semi-lenticular topology.

Figures 4a and 4b: PTTA Bound with Adenine Quadruplex (Modified 2MB3)

2. Methods preliminary design removed the cation and reduced the structure
A pharmacophore within telomestatin was tentatively identified to a planar cyclic pyrrole quartet with no overall charge as an
as the planar nature of a nitrogen octet. This structure has a very initial reference model. Molecular designs for this study retained
electronegative exterior and associated lipophobic character the planar poryphyrin structure and the model was thionated at
which may underpin its non-BBB permeance. The relatively low  C2,C10,C11,C16. The design was named PTTA (A, Figure 5).
lipophilicity and co-ordination with Fe2+ supports this notion. A
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Figure 5: A: PTTA, B: Telomestatin, C: Pyridostatin

Scripts were drafted for Molecular Dynamics analyses of
supramolecular models for simulation times of 500ns. Three Linux
servers were accessed for molecular dynamics and molecular
work: on-campus PowerEdge T640 96-core, 16-core and 8-core
personal Desktops. All servers were supported by Linux OS.
Data were collated with a Microsoft OS 8-core personal Desktop.
NanoMolecular Dynamics and Visual Molecular Dynamics
were the primary research tools, supported by Discovery Studio
(accessibility configured for Microsoft), and Chimera modelling
software. Docking protocols were submitted to AutoDock and
AutoDock Vina accessed in both Linux and Microsoft. Metrics
used to evaluate trajectories were Root Mean Square Deviation
(RMSD), ellipsoidal RMSD, Radius of Gyration (RoG), estimation
of the glycosidic angle and frequency of hydrogen bond formation.
For the latter, a donor- acceptor distance was set to the defaults
of a maximum 3 A and an angle cut-off at 100 either way from a

notional perpendicular bond.

Ellipsoidal RMSD is more specific to nucleic acid structures and
was evaluated with Anaconda3 and Barnaba software. Plotting
programmes were XmGrace, Multiplot, OriginLab and GraphPad
Prism.

3. Results

The four pyrrole rings of PTTA promote nt-stacking with the four
guanines or adenines of an outer quartet. Figures 6a and 6b show
H-bonds and w-bonding between each pyrrole and both rings
of each heterocyclic, hence eight bonds in total. The binding
configuration suggests ligand / purine quadruplex interaction is a
continuation of the internal -stacking within the quadruplex. The
distance between ligand and outer quartet was found to be 2.7A +
0.5A in both models.
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Figures 6a and 6b: Predicted Bonding Characteristics of PTTA with G4 (left) and A4 (right). H-Bonding in Green and n-Bonding in
Mauve.

Semi-lenticular convex conformation was noted for both A4 and adjacent to the bound molecule (figure 7).
G4 ligations. In addition, a localised shell of waters was predicted

Figure 7: PTTA Bound to G4 After 500ns Molecular Dynamics Simulation. A Small Hemispheric Shell of Waters is Predicted by
NAMD and Localised to the Planar Molecule

Molecular dynamics data are similar for binding to either purine stable configuration of binding and correlates well with the lower
model (Table 1). Consistency in the glycosidic angle implies a eRMSD values. A reasonable population of H-bonds is also noted.
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PTTA_G4  PTTA_A4 porphyrin telomestatin pyridostatin

RMSD 3.580.336.83 3.53 030677 4.

RoG 11.481132 11.016.7-134 11
H-bond 8o0-14 9o0-16 6

eRMSD 1.110s82133 1.0506-151 1.3108163 1.49082-1.71 1.52 0.92-1.54

Chi 110 100-120 110 100-120 100 80-120 25 1931 85 s80-90

54 321728 5.18 3.36-7.41 5.64 3.25-8564

.8881279 12.18.9-13.77 12.7 105-14-3

0-14 7 0-15 6 o0-14

Table 1: Molecular Dynamics Data Value Ranges Shown in Smaller Font

ADMET values for PTTA were: bioavailability 0.74, synthetic

accessibility 8.1. Further ADMET data are shown in Table 2.

model MW  log Pow solubility G-l BBB P-gp  Lipinski
telomestatin 582.5 2.2 very poor low no yes no
pyridostatin 596.6 1.5 moderate low partial? no no
porphyrin ~ 308.3 2.3 soluble high yes no yes
PTTA 401.1 3.3 poor high yes no yes

Table 2: ADMET Data for Telomestatin, Porphyrin and PTTA. Properties regarded as favourable are: moderate or good
solubility, high gastro-intestinal availability, no substrate interaction with P-gp and compliance with Lipinski Rule of Five.

Porphyrin and PTTA satisfy all metrics

ADT (AutoDock Tools) calculated three binding interactions
for each of the ligands when docked with 2MB3. All were
exothermic. The optimum values are listed in Table 3 together

with pharmacokinetic data predicted by MDS (molecular docking
server).

model affinity kcal/mol Ki VDW+H-bond+solvation electrostatic
energy kcal/mol energy kcal/mol
telomestatin -5.04 203.13 -7.15 -0.10
porphyrin -6.35 22.18 -6.28 -0.07
pyridostatin -3.98 255.1 -7.93 -0.14
PTTA -6.08 34.83 -7.15 -0.10

Table 3: Binding Data Predicted by ADT And MDS for Telomestatin, Porphyrin, Pyridostatin and PTTA Docked to 2MB3. The

Values are Optimum Predictions

Both methodologies find PTTA is exactly parallel with the three
tetrads and located directly on a line perpendicular with the central
core of either purine quadruplex. Transferring the docking data
to Chimera, Figure 8 shows the predicted alignment in MDS
with a VDW surface imposed on the quadruplex. The distance

between the planar centre of PTTA to the planar centre of the outer
guanine quartet (3.0 A) is significantly less than that calculated
for telomestatin (~9A). The complex binds at the same site for
the adenine quadruplex, in the same orientation as the guanine
homologue and at a very similar distance.
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Figure 8: Chimera Interpretation of PTTA Docked to 2MB3 with a VDW Surface Imposed on the Quadruplex

Dynamic activity early in the RMSD data resonates to some extent
with NAMD calculations for radius of gyration. The trajectory
shows a brief near-symmetrical cycle of relaxation and expansion
prior to maintaining steady values centred on ~13A.

Taken together, an overview of the molecular dynamics results
indicates a stable interaction between PTTA and a triplanar
guanine or adenine quadruplex. ADT predicted three exothermic
conformations for binding with 2MB3, two of which align parallel
to one particular outer quartet of the quadruplex. But a third
docking conformation locates PTTA to the other outer quartet.
Since the ligand cannot physically travel through the G4, the
software implicitly finds that site is also favourable for docking
the planar molecule.

4. Conclusion

Specific adenine-rich sequences in DNA and RNA have the
ability to fold into simple triplanar quadruplexes constructed from
experimentally validated adenine quartets (A4s). These systems
are analogous to guanine supramolecular structures (G4s). A
porphyrinoid tetra-thionated analogue (PTTA), ligated with
either purine system, suggested an enhanced stability comparison
with current drugs. Pharmacokinetic data predicted marginal
improvements for PTTA. Both species were characterised in
molecular dynamics simulations by stable configurations to 500ns.

The possibility arises that non-transient A4s could fold in the
poly(A) tail of RNA viruses. These structures appear to be
dismantled during viral replication or prior to it. The inference
made here is that if the process were compromised, any promotion
of stability would be beneficial. Hence. potential subsequent impact
on viral replication could be a promising route for chemotherapy.

References

1. Borman, Stu. "Ascent of quadruplexes.”
engineering news 85.22 (2007).

2. Huppert, J. L., & Balasubramanian, S. (2005). Prevalence of

Chemical &

quadruplexes in the human genome. Nucleic acids research,
33(9), 2908-2916.

Rawal, P., Kummarasetti, V. B. R., Ravindran, J., Kumar, N.,
Halder, K., Sharma, R., ... & Chowdhury, S. (2006). Genome-
wide prediction of G4 DNA as regulatory motifs: role in
Escherichia coli global regulation. Genome research, 16(5),
644-655.

Mergny, J. L., Riou, J. F., Mailliet, P., Teulade-Fichou, M. P.,
& Gilson, E. (2002). Natural and pharmacological regulation
of telomerase. Nucleic Acids Research, 30(4), 839-865.
Moye, A. L., Porter, K. C., Cohen, S. B., Phan, T., Zyner,
K. G., Sasaki, N., ... & Bryan, T. M. (2015). Telomeric
G-quadruplexes are a substrate and site of localization for
human telomerase. Nature communications, 6(1), 7643.
Simonsson, T., Kubista, M., & Pecinka, P. (1998). DNA
tetraplex formation in the control region of c-myc. Nucleic
acids research, 26(5), 1167-1172.

Verma, A., Halder, K., Halder, R., Yadav, V. K., Rawal, P.,
Thakur, R. K., ... & Chowdhury, S. (2008). Genome-wide
computational and expression analyses reveal G-quadruplex
DNA motifs as conserved cis-regulatory elements in human
and related species. Journal of medicinal chemistry, 51(18),
5641-5649.

Rhodes, D., & Lipps, H. J. (2015). G-quadruplexes and their
regulatory roles in biology. Nucleic acids research, 43(18),
8627-8637.

Mgétifiot, M., Amrane, S., Litvak, S., & Andreola, M. L. (2014).
G-quadruplexes in viruses: function and potential therapeutic
applications. Nucleic acids research, 42(20), 12352-12366.

. Wang, Q., Liu, J. Q., Chen, Z., Zheng, K. W., Chen, C. Y.,

Hao, Y. H., & Tan, Z. (2011). G-quadruplex formation at the
3’ end of telomere DNA inhibits its extension by telomerase,
polymerase and unwinding by helicase. Nucleic acids
research, 39(14), 6229-6237.

. Ohnmacht, S. A., & Neidle, S. (2014). Small-molecule

quadruplex-targeted drug discovery. Bioorganic & medicinal
chemistry letters, 24(12), 2602-2612.

Toxi App Phar Insig, 2026

Volume 8 | Issue 1 | 8


https://cen.acs.org/articles/85/i22/Ascent-Quadruplexes.html'
https://cen.acs.org/articles/85/i22/Ascent-Quadruplexes.html'
https://doi.org/10.1101/gr.4508806
https://doi.org/10.1101/gr.4508806
https://doi.org/10.1101/gr.4508806
https://doi.org/10.1101/gr.4508806
https://doi.org/10.1101/gr.4508806
https://pmc.ncbi.nlm.nih.gov/articles/PMC100331/
https://pmc.ncbi.nlm.nih.gov/articles/PMC100331/
https://pmc.ncbi.nlm.nih.gov/articles/PMC100331/
https://www.nature.com/articles/ncomms8643
https://www.nature.com/articles/ncomms8643
https://www.nature.com/articles/ncomms8643
https://www.nature.com/articles/ncomms8643
https://elmi.hbku.edu.qa/en/publications/genome-wide-computational-and-expression-analyses-reveal-g-quadru/
https://elmi.hbku.edu.qa/en/publications/genome-wide-computational-and-expression-analyses-reveal-g-quadru/
https://elmi.hbku.edu.qa/en/publications/genome-wide-computational-and-expression-analyses-reveal-g-quadru/
https://elmi.hbku.edu.qa/en/publications/genome-wide-computational-and-expression-analyses-reveal-g-quadru/
https://elmi.hbku.edu.qa/en/publications/genome-wide-computational-and-expression-analyses-reveal-g-quadru/
https://elmi.hbku.edu.qa/en/publications/genome-wide-computational-and-expression-analyses-reveal-g-quadru/
https://pubmed.ncbi.nlm.nih.gov/26350216/
https://pubmed.ncbi.nlm.nih.gov/26350216/
https://pubmed.ncbi.nlm.nih.gov/26350216/
https://doi.org/10.1093/nar/gku999
https://doi.org/10.1093/nar/gku999
https://doi.org/10.1093/nar/gku999
https://doi.org/10.1093/nar/gkr164
https://doi.org/10.1093/nar/gkr164
https://doi.org/10.1093/nar/gkr164
https://doi.org/10.1093/nar/gkr164
https://doi.org/10.1093/nar/gkr164
https://doi.org/10.1016/j.bmcl.2014.04.029
https://doi.org/10.1016/j.bmcl.2014.04.029
https://doi.org/10.1016/j.bmcl.2014.04.029

12.

13.

14.

15.

16.

17.

18.

19.

20.

Majee, P., Pattnaik, A., Sahoo, B. R., Shankar, U., Pattnaik,
A. K., Kumar, A., & Nayak, D. (2021). Inhibition of Zika
virus replication by G-quadruplex-binding ligands. Molecular
Therapy Nucleic Acids, 23, 691-701.

Artusi, S., Perrone, R., Lago, S., Raffa, P., Di lorio, E.,
Palu, G., & Richter, S. N. (2016). Visualization of DNA
G-quadruplexes in herpes simplex virus l-infected cells.
Nucleic acids research, 44(21), 10343-10353.

Ruggiero, E., & Richter, S. N. (2018). G-quadruplexes and
G-quadruplex ligands: targets and tools in antiviral therapy.
Nucleic acids research, 46(7), 3270-3283.

Chapman, S., Ghesquiére, P., Perry, E., Taylor, P. G., Power, N.
P., Sansom, C. E., & Xu, Y. Z. (2021). Adenine Quadruplexes
Show Surprising Stability: Potential Implications for SARS-
CoV-2. Journal of Computational Biophysics and Chemistry,
20(07), 675-685.

Cui, H., & Zhang, L. (2020). G-quadruplexes are present in
human coronaviruses including SARS-CoV-2. Frontiers in
microbiology, 11, 567317.

Ji, D., Juhas, M., Tsang, C. M., Kwok, C. K., Li, Y., & Zhang,
Y. (2021). Discovery of G-quadruplex-forming sequences in
SARS-CoV-2. Briefings in bioinformatics, 22(2), 1150-1160.
Bartas, M., Brazda, V., Bohalova, N., Cantara, A., Volna, A.,
Stachurova, T., ... & Pecinka, P. (2020). In-depth bioinformatic
analyses of nidovirales including human SARS-CoV-2,
SARS-CoV, MERS-CoV viruses suggest important roles
of non-canonical nucleic acid structures in their lifecycles.
Frontiers in microbiology, 11, 1583.

Brazda, V., Porubiakova, O., Cantara, A., Bohalova, N., Coufal,
J., Bartas, M., ... & Mergny, J. L. (2021). G-quadruplexes in
HINTI influenza genomes. BMC genomics, 22(1), 77.

Karn, J., & Stoltzfus, C. M. (2012). Transcriptional and
posttranscriptional regulation of HIV-1 gene expression. Cold
Spring Harbor perspectives in medicine, 2(2), a006916.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Murat, P., Zhong, J., Lekiefire, L., Cowieson, N. P., Clancy,
J. L., Preiss, T., ... & Tellam, J. (2014). G-quadruplexes
regulate Epstein-Barr virus—encoded nuclear antigen 1 mRNA
translation. Nature chemical biology, 10(5), 358-364.
Marusic, M., Hosnjak, L., Kraf¢ikova, P., Poljak, M., Viglasky,
V., & Plavec, J. (2017). The effect of single nucleotide
polymorphisms in G-rich regions of high-risk human
papillomaviruses on structural diversity of DNA. Biochimica
et Biophysica Acta (BBA)-General Subjects, 1861(5), 1229-
1236.

Mendoza, O., Bourdoncle, A., Boulé, J. B., Brosh Jr, R. M., &
Mergny, J. L. (2016). G-quadruplexes and helicases. Nucleic
acids research, 44(5), 1989-2006.

Bohalova, N., Cantara, A., Bartas, M., Kaura, P,, gt’astny, 1.,
Pecinka, P, ... & Brazda, V. (2021). Analyses of viral genomes
for G-quadruplex forming sequences reveal their correlation
with the type of infection. Biochimie, 186, 13-27.

Sheets, M. D., Ogg, S. C., & Wickens, M. P. (1990). Point
mutations in AAUAAA and the poly (A) addition site: effects
on the accuracy and efficiency of cleavage and polyadenylation
in vitro. Nucleic acids research, 18(19), 5799-5805.

Gao, J., Tang, Y. D., Hu, W., & Zheng, C. (2022). When Poly
(A) binding proteins meet viral infections, including SARS-
CoV-2. Journal of Virology, 96(7), e00136-22.

Huang, H., Song, W., Rieffel, J., & Lovell, J. F. (2015).
Emerging applications of porphyrins in photomedicine.
Frontiers in physics, 3,23.

Banks, W. A. (2009). Characteristics of compounds that cross
the blood-brain barrier. BMC neurology, 9(Suppl 1), S3.
Rocca, R., Talarico, C., Moraca, F., Costa, G., Romeo, I,
Ortuso, F., ... & Artese, A. (2017). Molecular recognition of
a carboxy pyridostatin toward G-quadruplex structures: Why
does it prefer RNA?. Chemical Biology & Drug Design,
90(5), 919-925.

Copyright: ©2026 Simon Chapman. This is an open-access article
distributed under the terms of the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are credited.

Toxi App Phar Insig, 2026

https://opastpublishers.com/

Volume 8 | Issue 1|9


https://doi.org/10.1016/j.omtn.2020.12.030
https://doi.org/10.1016/j.omtn.2020.12.030
https://doi.org/10.1016/j.omtn.2020.12.030
https://doi.org/10.1016/j.omtn.2020.12.030
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5137459/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5137459/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5137459/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5137459/
https://scienceon.kisti.re.kr/srch/selectPORSrchArticle.do?cn=NART98786606
https://scienceon.kisti.re.kr/srch/selectPORSrchArticle.do?cn=NART98786606
https://scienceon.kisti.re.kr/srch/selectPORSrchArticle.do?cn=NART98786606
https://www.semanticscholar.org/paper/Adenine-Quadruplexes-Show-Surprising-Stability%3A-for-Chapman-Ghesquiere/1d5848ac00a5b6af3c5ce80c723797f543c813af
https://www.semanticscholar.org/paper/Adenine-Quadruplexes-Show-Surprising-Stability%3A-for-Chapman-Ghesquiere/1d5848ac00a5b6af3c5ce80c723797f543c813af
https://www.semanticscholar.org/paper/Adenine-Quadruplexes-Show-Surprising-Stability%3A-for-Chapman-Ghesquiere/1d5848ac00a5b6af3c5ce80c723797f543c813af
https://www.semanticscholar.org/paper/Adenine-Quadruplexes-Show-Surprising-Stability%3A-for-Chapman-Ghesquiere/1d5848ac00a5b6af3c5ce80c723797f543c813af
https://www.semanticscholar.org/paper/Adenine-Quadruplexes-Show-Surprising-Stability%3A-for-Chapman-Ghesquiere/1d5848ac00a5b6af3c5ce80c723797f543c813af
https://doi.org/10.3389/fmicb.2020.567317
https://doi.org/10.3389/fmicb.2020.567317
https://doi.org/10.3389/fmicb.2020.567317
https://scholars.cityu.edu.hk/en/publications/discovery-of-g-quadruplex-forming-sequences-in-sars-cov-2/
https://scholars.cityu.edu.hk/en/publications/discovery-of-g-quadruplex-forming-sequences-in-sars-cov-2/
https://scholars.cityu.edu.hk/en/publications/discovery-of-g-quadruplex-forming-sequences-in-sars-cov-2/
https://doi.org/10.3389/fmicb.2020.01583
https://doi.org/10.3389/fmicb.2020.01583
https://doi.org/10.3389/fmicb.2020.01583
https://doi.org/10.3389/fmicb.2020.01583
https://doi.org/10.3389/fmicb.2020.01583
https://doi.org/10.3389/fmicb.2020.01583
https://doi.org/10.1186/s12864-021-07377-9
https://doi.org/10.1186/s12864-021-07377-9
https://doi.org/10.1186/s12864-021-07377-9
https://www.semanticscholar.org/paper/Transcriptional-and-posttranscriptional-regulation-Karn-Stoltzfus/72b05081f3e842b181a2ccacb17ec0531dc9eae8
https://www.semanticscholar.org/paper/Transcriptional-and-posttranscriptional-regulation-Karn-Stoltzfus/72b05081f3e842b181a2ccacb17ec0531dc9eae8
https://www.semanticscholar.org/paper/Transcriptional-and-posttranscriptional-regulation-Karn-Stoltzfus/72b05081f3e842b181a2ccacb17ec0531dc9eae8
https://doi.org/10.1038/nchembio.1479
https://doi.org/10.1038/nchembio.1479
https://doi.org/10.1038/nchembio.1479
https://doi.org/10.1038/nchembio.1479
https://doi.org/10.1016/j.bbagen.2016.11.007
https://doi.org/10.1016/j.bbagen.2016.11.007
https://doi.org/10.1016/j.bbagen.2016.11.007
https://doi.org/10.1016/j.bbagen.2016.11.007
https://doi.org/10.1016/j.bbagen.2016.11.007
https://doi.org/10.1016/j.bbagen.2016.11.007
https://pdfs.semanticscholar.org/e7b1/1a7eab41366c3045353b1760def70ca1bd76.pdf
https://pdfs.semanticscholar.org/e7b1/1a7eab41366c3045353b1760def70ca1bd76.pdf
https://pdfs.semanticscholar.org/e7b1/1a7eab41366c3045353b1760def70ca1bd76.pdf
https://doi.org/10.1016/j.biochi.2021.03.017
https://doi.org/10.1016/j.biochi.2021.03.017
https://doi.org/10.1016/j.biochi.2021.03.017
https://doi.org/10.1016/j.biochi.2021.03.017
https://doi.org/10.1128/jvi.00136-22
https://doi.org/10.1128/jvi.00136-22
https://doi.org/10.1128/jvi.00136-22
https://doi.org/10.3389/fphy.2015.00023
https://doi.org/10.3389/fphy.2015.00023
https://doi.org/10.3389/fphy.2015.00023
https://doi.org/10.1186/1471-2377-9-S1-S3
https://doi.org/10.1186/1471-2377-9-S1-S3
https://onlinelibrary.wiley.com/doi/abs/10.1111/cbdd.13015
https://onlinelibrary.wiley.com/doi/abs/10.1111/cbdd.13015
https://onlinelibrary.wiley.com/doi/abs/10.1111/cbdd.13015
https://onlinelibrary.wiley.com/doi/abs/10.1111/cbdd.13015
https://onlinelibrary.wiley.com/doi/abs/10.1111/cbdd.13015

