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Abstract. G-quadruplex DNA is formed in telomer. It
inhibits telomerase enzyme which is found active in more
than 85 % of cancer cells. In this work, the effect of
Tween 80 on telomeric G-quadruplex DNA,
AGGG(TTAGGG); was studied using circular dichroism
spectroscopic technique. The obtained results showed that
using Tween 80 with telomeric quadruplex is safe up to
less than 1.0 %.
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1. Introduction

Telomerase enzyme is found active in more than
85 % of cancers. Telomere, the substrate (template) of te-
lomerase, is located at the ends of DNA.' The major part of
the telomere (5-15 kilobases) consists of double-stranded
DNA while the minor part at 3’ end (100-200 bases) con-
sists of single-stranded DNA, both are non-coding DNA . It
has been found that the telomeric single stranded part (3’-
end) under physiological conditions (in vitro) can fold and
form a four-stranded structure called G-quadruplex or tetra-
plex DNA.** Telomerase enzyme is inhibited indirectly by
the formation of G-quadruplex structure. This structure
prevents telomerase enzyme from replicating DNA during
cell division. If a drug can selectively target and stabilize
telomeric quadruplex structure, indirect inhibition of telom-
erase enzyme will be achieved.” Several chemical com-
pounds have been reported as G-quadruplex stabilizers
including anthraquinones,”’ acridines,* porphyrins,'*"'
porphyrazines,'* phthalocyanines,"” thymoquinone,® carba-
zole, GW2974,14 and telomestatin.'>'®

G-quadruplex structure can be formed under
physiological conditions at two different places: the ends
of human chromosomes (telomeres) and close or in many
promoters of human genes. Many sequences are enriched
by guanine repeats in the human genome. It is thought that
there are ca. 300,000-400,000 guanine-rich sequences that
can potentially form quadruplex DNA structures.'”
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Formation of G-quadruplex structures has been confirmed
in telomere, thrombin binding aptamer (TBA), immu-
noglobulin switch regions, gene transcriptional regulatory
regions such as the insulin gene, and also the promoter of
certain oncogenes, such as c-MYC and BCL2. Formation
of G-quadruplex in vitro is confirmed by NMR spectros-
copy, X-ray crystallography, and CD spectroscopy.”'

G-quadruplexes under physiological conditions are
highly polymorphic and form different conformations in
vitro.”® The conformation of G-quadruplex depends
mainly on DNA sequence, number of strands forming
quadruplex structure (uni-, bi-, and tetramolecular),
syn/anti conformation of guanine residues (glycosidic
bond angle), strands direction, type and size of linking
loops, environmental conditions such as existence, type of
associated monovalent ions, the molecular crowding as
well as the presence of binding ligands.”** Telomeric
quadruplex (TelQ) with the following sequence
AGGG(TTAGGG); has shown several conformations in
Na' and K" solutions. In Na" solution, it forms an anti-
parallel structure known as basket-type where two oppos-
ing parallel strands across the diagonal are directing anti-
parallel to the other two strands with two lateral and one
diagonal TTA loops as shown in Fig. 1.* In K" solution, it
forms one of the following structures; anti-parallel basket-
type, anti-parallel chair-type, parallel propeller-type and
anti-parallel mixed-type (hybrid) with one propeller and
two lateral loops (Figure 1) which is the most common
one. It has been found that the variation of
AGGG(TTAGGG); structures in K solution depends on
its concentration.””*
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Fig. 1. G-quadruplex intramolecular conformations; parallel
propeller type (a), anti-parallel basket-type (b), anti-parallel
chair-type (c) and anti-parallel mixed-type (hybrid) (d)
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One of the major problems during the formulation
of a new drug is water solubility.” A reported study has
shown that 40 % of the currently marketed drugs consist
of poorly water-soluble molecules.* This information was
used to forecast future development at that time. The
study showed that 90 % of the drugs that will be prepared
may be poorly soluble in water therefore the biopharma-
ceutical properties of these drugs will be negatively af-
fected. Although, some researchers have succeeded to
synthesize drugs with high selectivity and affinity towards
telomeric quadruplex, some of these drugs are poorly solu-
ble in water.'* To increase the solubility of these com-
pounds in vitro, the buffer solutions were mixed with pro-
portions of organic solvents (cosolvent) or the drugs were
dissolved in a pure organic solvent or mixed with water or a
buffer solution.””> Some of the reported organic solvents
include ethanol**** and DMSO.* Moreover, some surfac-
tants are used to increase the solubility of the drugs and
prevent their aggregation such as Tween 20-80.°""

Surfactants are chemical compounds that lower the
surface tension between a substance (gas, liquid, or solid)
and a liquid solvent.”® Surfactant’s molecule is amphi-
philic which means it consists of hydrophilic moiety
(head) and hydrophobic moiety (tail) and is classified
based on the head into cationic, anionic, zwitterionic, and
non-ionic. In general, the main acts of these surfactants
are cleaning, wetting, emulsifying, foaming, anti-foaming,
and dispersing.””* One of these surfactants is Tween 80
which is chemically known as Polyoxyethylene (20) Sor-
bitan monooleate (Fig.2). Tween 80 is a water-soluble
non-ionic surfactant. It is widely used in the pharmaceuti-
cal and biotechnology industries because of its character-
istics such as high effectiveness at low concentrations,
relatively low toxicity, and weak or no interaction with the
active ingredients.*"** Tween 80 is used to enhance the
solubility of the insoluble or partially soluble substances
in aqueous solutions.* In aqueous media, Tween 80 mole-
cules aggregate and form micelles with a nonpolar inner
core which allows for the nonpolar substances to engulf
inside the core.*"*

HO(CH,CH,0),, CH,CH;0),0H

(

(CH,CH,0),0H

(CH,CH20),0CO(CH,);CH=CH(CH_);CH3

WAX+YHZ ~ 20
Fig. 2. Chemical structure of Tween 80

In this work, since some surfactants are used in the
study of the interaction between the drugs and G-
quadruplex DNA therefore the effect of Tween 80 on the
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conformation and stability of telomeric G-quadruplex
DNA 5’-AGGG(TTAGGG)3-3” (TelQ) was studied using
circular dichroism spectroscopic technique. The melting
temperature of the telomeric quadruplex with and without
Tween 80 was studied as well.

2. Experimental

2.1. Materials and Reagents

All chemicals and reagents were used without fur-
ther purification. Ethylenediaminetetraacetic acid (EDTA),
potassium chloride, and tris(hydroxymethyl) aminomethane
hydrochloride (Tris-KCl) were purchased from Sigma-
Aldrich, USA. HPLC purified telomeric DNA sequences
5’-AGGGTTAGGGTTAGGGTTAGGG-3’ was purchased
from AlphaDNA, Canada. All experiments were conducted
using Millipore deionized water.

2.2. Instrumentation

Absorption measurements were made on Agilent
8453 UV-Vis spectrophotometer, Austria matched with
1 cm quartz cells. Circular dichroism measurements were
carried out using Jasco J-815 spectrometer (Jasco, USA)
matched with a 1.00 cm path length quartz cell. pH meas-
urements were conducted using Orion-401-Plus pH meter
supported with Orion glass electrode.

2.3. Preparation of Standard Solutions

2.3.1. Buffer Solution

A Tris=KCl buffer solution, (pH 7.4, 0.01 M,
1.00 L) was prepared using tris—hydroxymethylamino-
methane hydrochloride (10.00 mM, 1.576 g), EDTA
(1.00 mM, 0.3077 g), and KC1 (100. mM, 7.455 g) in
deionized water. pH of the prepared buffer solution was
adjusted using the glass electrode.

2.3.2. G-Quadruplex DNA (TelQ)

G-quadruplex structure was prepared by gentle
heating of a 2000 puL of the stock single-stranded 5’-
AGGGTTAGGGTTAGGGTTAGGG-3’ primer up to

95.0°C and incubated for 10.00 minutes. Resultant solu-
tion was left to gently cool to room temperature then kept

in fridge at 4.0°C overnight.

The concentrations of DNA stock solutions were
determined in Tris-KCl buffer solution (pH 7.4) using
absorbance spectroscopy at 260 and 280 nm. Concentra-
tions in pg/ml were calculated using the following equa-
tion:

C(M g/ml) = A260 x weight per OD x dilution factor
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where OD is the optical density at 260 nm. The estimated
purity of the purchased oligonucleotide was calculated
based on the ratio A260/A280' Ratios >1.8 indicate high

purity for the synthetic and calf thymus DNAs.* Since
single-stranded DNA is folded to form G-quadruplex
structure so G-quadruplex’s concentration will be similar
to that of its single-stranded DNA.

2.4. Effect of Tween 80 on TelQ DNA

The effect of Tween 80 on the structure and con-
formation of TelQ was studied using CD spectroscopy. A
1000 pL solution of TelQ DNA (4.0 x 10° M) was pre-
pared from the stock solution (1.18 x 10 M) using Tis-
KCI buffer, pH 7.4. The solution was scanned in a
1500 pL cuvette (1 cm path length) at room temperature
over the wavelength range of 200-400 nm with
50 nm/min, bandwidth 1 nm, and 3 accumulations. The
experiment was repeated with 0.05 %, 0.1 %, and 1.0 %
of Tween 80 separately. The solution was incubated be-
fore scanning. The incubation time was increased up to
one hour without a change in the obtained spectrum of the
solution so 3 min incubation time was used in all meas-
urements. CD of the blank and cuvette was scanned first
then auto subtracted from samples’ CD.

2.5. Effect of Temperature

The effect of temperature on G-quadruplex and its
mixtures with Tween 80 was studied using CD spectro-
photometer equipped with Julabo open heating bath circu-
lator. TelQ solution (1.00 mL, 4.0x10°M) in Tris-KCI-

buffer, pH 7.4 was heated up in 5.0°C increments over the

range 25-95°C then incubated for 5 minutes at these tem-
perature intervals. CD spectra were recorded in the range
200-400 nm with 50 nm/min, bandwidth 1 nm, and
3 accumulations. The experiment was repeated with
0.05 %, 0.1 %, and 1.0 % of Tween 80. All CD spectra
were auto baseline corrected against blank solution.

2.6. Melting Temperature Curves

The effect of Tween 80 on the melting temperature
curve for G-quadruplex was studied using CD spectro-
scopic technique. TelQ solution (1.00 mL, 4.0 x 10° M) in
Tris-KCl-buffer, pH 7.4 was heated up over the range 25-
95°C and was allowed to incubate for 5 minutes at each
temperature value. CD spectra were recorded in the range
200-400 nm with 50 nm/min, bandwidth 1 nm, and 3
accumulations. The experiment was repeated with 0.05 %,
0.1 %, and 1.0 % of Tween 80. All CD spectra were auto
baseline-corrected against blank solution. Intensities of
CD peaks at 293 nm for G-quadruplex and its Tween 80
solutions were recorded.
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3. Results and Discussion

3.1. TelQ DNA Conformation

CD spectroscopy is an effective technique used to
study the conformation of G-quadruplex and the effect of
the environment such as the type and pH of the buffer
solution, solvent, and temperature on such conformation.
Moreover, DNA sequence plays an important role in the
conformation of G-quadruplex. CD spectroscopy is also
used to study the interaction between DNA and drugs. In
this work, CD spectroscopy was used to study the effect
of Tween 80 on the stability and the conformation of te-
lomeric G-quadruplex AGGG(TTAGGG); in Tris-KCl
buffer, pH 7.4.

Several studies have been conducted on the con-
formation of the telomeric G-quadruplex sequence
AGGG(TTAGGG);. In Na' solution, G-quadruplex
AGGG(TTAGGG); forms antiparallel structure whereas
in K" solution, it forms a mixture of parallel and antiparal-
lel conformations known as hybrid conformations.***
Fig. 3 shows CD spectrum of TelQ in Tris-KCl, pH 7.4. It
shows a maximum positive band at 293 nm, a shoulder at
253 nm and a negative band at 235 nm. These bands indi-
cated that the quadruplex structure was formed with a
mixture of parallel and antiparallel structures (hybrid
conformation). These results are in agreement with the
previously reported conformation of TelQ in K solu-
tion.

12 4
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Fig. 3. CD spectrum of telomeric quadruplex (4x10™° M)
in Tris-KCl buffer, pH 7.4

Addition of 0.05 % Tween 80 to TelQ solution has
shown no change of the peaks’ position of TelQ with a
very slight increase at 293 nm as shown in Fig. 4. These
results indicated that 0.05 % Tween 80 did not affect the
conformation of TelQ DNA. TelQ solution with 0.1 %
Tween 80 has shown a CD spectrum very close to that
obtained with 0.05 % Tween 80 (Fig. 4) indicating that
0.1 % Tween 80 did not affect the conformation of TelQ
DNA as well. In contrast, addition of Tween 80 1.0 %
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induced an increase in the absorbance of TelQ and the
disappearance of the shoulder at 253 and the negative
band at 235 nm, and the appearance of a new negative
band at 250 nm as shown in Fig. 4. Therefore, Tween 80,
1.0 % induced a conformational change from one hybrid
to another one or to antiparallel quadruplex structure.
Lannan et al.*’ found that the addition of 40 % of polyeth-
ylene glycol (PEG 200) to TelQ DNA d[TAG3(TTAGs;)s]
in potassium phosphate buffer, pH 7 changed the confor-
mation of DNA from hybrid to parallel.”” It was con-
cluded that the viscosity of the solution affected the fold-
ing of quadruplex DNA and consequently its conforma-
tion. As the viscosity increases (water activity decreases)
TelQ DNA favors the parallel structure. Heddi and Phan™
found that the conformation of telomeric quadruplex (5°-
d(GGG(TTAGGG);)) changed from hybrid to propeller in
high concentrations of polyethylene glycol. They sug-
gested that the change from hybrid to propeller conforma-
tion was due to the molecular crowding because DNA in
the crowded solution will be converted to a more compact
structure, however, propeller is less compact than hybrid
structure. Therefore, the change in the conformation of
telomeric quadruplex at 1.0 % Tween 80 may be attrib-
uted to the solution viscosity or/and the crowding in the
solution.

161 - = = 0.05% Tween 80
— 0.1% Tween 80
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Fig. 4. CD spectrum of telomeric quadruplex (4x10°M) in Tris-
KCl buffer, pH 7.4 with 0.05 % Tween 80 (black-dash), 0.1 %
Tween 80 (red-solid), and 1.0 % Tween 80 (blue-solid)

3.2. Effect of Temperature

The effect of temperature on TelQ with 0.0 %,
0.05 %, 0.1 %, and 1.0 % Tween 80 was studied using CD
spectroscopy. The temperature was increased from 25 to
95°C and the resulted CD was recorded as shown in
Fig. 5. When the temperature increases, CD intensity
decreases. In case of TelQ - 0.0 %, 0.05 %, and 0.1 %
Tween 80 (0.05 % and 0.1 % are not shown), CD intensity
decreases with the increase of temperature without a
change in the peaks’ positions. CD spectra of TelQ -
0.05% and 0.1 % Tween 80 are very close to that of
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TelQ. These findings may confirm the obtained results
(section 3.1) that 0.05 % and 0.1 % of Tween 80 did not
affect the conformation of TelQ DNA. When Tween 80
was increased to 1.0 %, an evident shift in CD spectra of
TelQ into a higher wavelength at a temperature more than
80°C was observed as shown in Fig. 5 (down).
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Fig. 5. Effect of temperature (25-95°C) on CD spectrum of TelQ
(4 x 10°M) in Tris-KCl buffer, pH 7.4 without (above) and with
1.0 % Tween 80 (below)

3.3. Melting Temperature

In this work, effect of Tween 80 on the melting
temperature of telomeric quadruplex DNA was studied
using CD spectrophotometry and that indicates the stabil-
ity of DNA quadruplex as well. Melting temperature (7,,,),
is the temperature at which 50 % of duplex, triplex, or
quadruplex DNA is converted to a single-stranded DNA.*
Melting temperature indicates the stability of DNA con-
formation, as well as the stability of DN A-ligand complex
compared with its DNA molecule.® It is also used to indi-
cate the selectivity of a ligand towards quadruplex over
double-stranded DNA through the comparison between
AT, of TelQ-drug and that of duplex DNA-drug com-
plexes. In this experiment, 7,, of TelQ DNA, TelQ-0.05 %
Tween 80, TelQ-0.1 % Tween 80, TelQ-1.0 % Tween 80
was determined separately. In the melting curve, CD in-
tensity at 293 nm is plotted against the corresponding
temperature.
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The resulted melting curve of TelQ DNA (Fig. 6)
showed a melting temperature of 68.5°C which is consis-
tent with the reported melting temperature of the telomeric
quadruplex DNA in KCl-buffer, pH 7.4. During the melt-
ing temperature experiment, as the temperatures increases
the quadruplex structure denatures gradually into the sin-
gle-stranded structure. As a result, CD intensity decreases
without a change in the peaks’ positions. Addition of
0.05 % of Tween 80 slightly changed the melting tem-
perature of TelQ into 70.5°C with AT,, = 2°C as shown in
Table. When Tween 80 was increased to 0.1 %, the melt-
ing temperature of TelQ increased to 73.5°C and the dif-
ference with that of TelQ increased to 5.0°C. Increasing
Tween 80 to 1.0 % has increased the melting temperature
of TelQ to 76°C and AT, increased to 7.5°C as shown in
Table. The obtained results showed that as the amount of
Tween 80 increases the melting temperature increases
which may indicate that the conformation may be
changed, and the stability of this conformation increased.
Lannan et al.*” found that the presence of 40 % of poly-
ethylene glycol (PEG 200) with TelQ DNA in potassium
phosphate buffer, pH 7 increased the melting temperature
of TelQ from 63 to 91°C.
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Fig. 6. Melting curves of TelQ (4x10°M) in Tris-KCI buffer,
pH 7.4 with 0.0 % Tween 80 (blue-solid), 0.05 % Tween 80
(green-dash), 0.1 % Tween 80 (red-dash), and 1.0 % Tween 80
(black-dash)

Table. Melting temperature (7,,) and melting temperature
change (AT},) of TelQ (4x10° M) in Tris-KCl buffer,
pH 7.4 with 0.0 %, 0.05 %, 0.1 %, and 1.0 % Tween 80

TelQ - Tween | Melting temperature, 7, o
80 (oC) ATm ( C)
0.0 % 68.5 0
0.05 % 70.5 2.0
0.1 % 73.5 5.0
1.0 % 76.0 7.5

Since the obtained results showed that the confor-
mation and the melting temperature of telomeric quadru-
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plex DNA were slightly changed it can be indicated that
using Tween 80 with telomeric quadruplex is safe up to
less than 1.0 %.

4, Conclusions

Many of the currently marketed drugs consist of
poorly water-soluble molecules. Buffer solutions are
mixed with organic solvents or organic cosolvents to in-
crease the solubility of these compounds in vitro such as
ethanol and DMSO. Tween 20 - 80 are used as well to
increase the solubility of the drugs and prevent their ag-
gregation. In this work, the effect of Tween 80 (0.05, 0.1,
and 1.0%) on telomeric quadruplex DNA
AG;(TTAGGG); in Tris-KCl buffer, pH 7.4 was studied
using CD spectroscopic technique. Addition of 0.05 and
0.1 % Tween 80 to TelQ has shown no or weak effects on
the conformation and melting temperature of the telomeric
quadruplex. In contrast, addition of 1.0 % has shown a
change in the conformation of TelQ from hybrid to an-
other hybrid or antiparallel structure. In addition, the melt-
ing temperature of TelQ has increased from 68.5 to
76.0°C with the addition of 1.0 % Tween 80. These find-
ings indicated that using Tween 80 with telomeric quad-
ruplex is safe up to less than 1.0 %.

Declarations of interest

The author declares no competing interests.

Acknowledgement

The author is gratefully acknowledging the finan-
cial support of the United Arab Emirates University.

References

[1] Trybek, T.; Kowalik, A.; G6zdz, S.; Kowalska, A. Telomeres
and Telomerase in Oncogenesis. Oncol. Lett. 2020, 20, 1015-1027.
https://doi.org/10.3892 %2F0l.2020.11659

[2] Neidle, S.; Parkinson, G.N. The Structure of Telomeric DNA.
Curr. Opin. Struct. Biol. 2003, 13,275-283.
http://dx.doi.org/10.1016/S0959-440X(03)00072-1

[3] Burge, S.; Parkinson, G.N.; Hazel, P.; Todd, A.K.; Neidle, S.
Quadruplex DNA: Sequence, Topology and Structure. Nucleic
Acids Res. 2006, 34, 5402-5415. https://doi.org/10.1093/nar/gkl655
[4] Salem, A.A.; El Haty, . A.; Abdou, LM.; Mu, Y. Interaction of
Human Telomeric G-Quadruplex DNA with Thymoquinone: A
Possible Mechanism for Thymoquinone Anticancer Effect. Biochim
Biophys Acta Gen Subj 2015, 1850, 329-342.
https://doi.org/10.1016/j.bbagen.2014.10.018

[5] Shay, J.W.; Wright, W.E. Telomeres and Telomerase: Three
Decades of Progress. Nat. Rev. Genet. 2019, 20, 299-309.

[6] Huang, H.-S.; Chen, L.-B.; Huang, K.-F.; Lu, W.-C.; Shieh, F.-
Y.; Huang, Y.-Y., Huang, F.-C.; Lin, J.-J. Synthesis and Human
Telomerase Inhibition of a Series of Regioisomeric Disubstituted
Amidoanthraquinones. Chem. Pharm. Bull. 2007, 55, 284-292.
https://doi.org/10.1248/cpb.55.284



572

[7] Perry, P.J.; Reszka, A.P.; Wood, A.A.; Read, M.A.; Gowan,
S.M.; Dosanjh, H.S., Trent, J.O.; Jenkins, T.C.; Kelland, L.R.;
Neidle, S. Human Telomerase Inhibition by Regioisomeric Disub-
stituted Amidoanthracene-9,10-diones. J. Med. Chem. 1998, 41,
4873-4884. https://doi.org/10.1021/jm9810670

[8] Harrison, R.J.; Cuesta, J.; Chessari, G.; Read, M. A.; Basra,
S.K.; Reszka, A.P.; Morrell, J.; Gowan, S.M.; Incles, C.M.; Tanious,
F.A. et al. Trisubstituted Acridine Derivatives as Potent and Selec-
tive Telomerase Inhibitors. J. Med. Chem. 2003, 46, 4463-4476.
https://doi.org/10.1021/jm0308693

[9] Reed, J.E.; Arnal, A.A.; Neidle, S.; Vilar, R. Stabilization of G-
Quadruplex DNA and Inhibition of Telomerase Activity by Square-
Planar Nickel(IT) Complexes. J. Am. Chem. Soc. 2006, 128, 5992-
5993. https://doi.org/10.1021/ja058509n

[10] Han, H.; Langley, D.R.; Rangan, A.; Hurley, L.H. Selective
Interactions of Cationic Porphyrins with G-Quadruplex Structures.
J. Am. Chem. Soc. 2001, 123, 8902-8913.
https://doi.org/10.1021/ja002179j

[11]Izbicka, E.; Wheelhouse, R.T.; Raymond, E.; Davidson, K.K.;
Lawrence, R.A.; Sun, D.; Windle, B.E.; Hurley, L.H.; Von Hoff, D.D.
Effects of Cationic Porphyrins as G-Quadruplex Interactive Agents in
Human Tumor Cells. Cancer Research 1999, 59, 639-644.

[12] Goncalves, D.P.N.; Rodriguez, R.; Balasubramanian, S.;
Sanders, J.K.M. Tetramethylpyridiniumporphyrazines - a New
Class of G-Quadruplex Inducing and Stabilising Ligands. Chem-
Comm 2006, 45, 4685-4687. https://doi.org/10.1039/b611731g

[13] Ren, L.; Zhang, A.; Huang, J.; Wang, P.; Weng, X.; Zhang,
L.; Liang, F.; Tan, Z.; Zhou, X.F. Quaternary Ammonium Zinc
Phthalocyanine: Inhibiting Telomerase by Stabilizing G quadru-
plexes and Inducing G-Quadruplex Structure Transition and Forma-
tion. ChemBioChem 2007, 8, 775-780.
https://doi.org/10.1002/cbic.200600554

[14] Elhaty, L. A. Interaction between GW2974 and Telomeric G-
Quadruplex DNA: A Possible Anticancer Mechanism. Chem. Pap.
2021, 75, 6323-6333. 10.1007/s11696-021-01801-w

[15] Kim, M.-Y.; Vankayalapati, H.; Shin-ya, K.; Wierzba, K.;
Hurley, L.H. Telomestatin, a Potent Telomerase Inhibitor That
Interacts Quite Specifically with the Human Telomeric Intramolecu-
lar G-Quadruplex. J. Am. Chem. Soc. 2002, 124, 2098-2099.
https://doi.org/10.1021/ja017308q

[16] Shin-ya, K.; Wierzba, K.; Matsuo, K.-i.; Ohtani, T.; Yamada,
Y.; Furihata, K.; Hayakawa, Y.; Seto, H. Telomestatin, a Novel
Telomerase Inhibitor from Streptomyces anulatus. J. Am. Chem.
Soc. 2001, 123, 1262-1263. https://doi.org/10.1021/ja005780q

[17] Cuesta, J.; Read, M.A.; Neidle, S. The Design of G-
Quadruplex Ligands as Telomerase Inhibitors. Mini-Rev. Med.
Chem. 2003, 3, 11-21. https://doi.org/10.2174/1389557033405502
[18] De Cian, A.; Lacroix, L.; Douarre, C.; Te, N.; Trentesaux
mime-Smaali, C.; Riou, J.-F.; Mergny, J.-L. Targeting telomeres
and Telomerase. Biochimie 2008, 90, 131-155.
http://dx.doi.org/10.1016/j.biochi.2007.07.011

[19] Jiang, J.; Wang, Y.; Susac, L.; Chan, H.; Basu, R.; Zhou,
Z.H.; Feigon, J. Structure of Telomerase with Telomeric DNA. Cell.
2018, 773, e1113. https://doi.org/10.1016/j.cell.2018.04.038

[20] Spiegel, J.; Adhikari, S.; Balasubramanian, S. The Structure
and Function of DNA G-Quadruplexes. Trends Chem. 2020, 2, 123-
136. https://doi.org/10.1016/j.trechm.2019.07.002

[21] Chen, B.; Liang, J.; Tian, X.; Liu, X. G-Quadruplex Structure:
A Target for Anticancer Therapy and a Probe for Detection of Po-
tassium. Biochemistry 2008, 73, 853-861.
https://doi.org/10.1134/s0006297908080026

[22] Bochman, M.L.; Paeschke, K.; Zakian, V.A. DNA Secondary
Structures: Stability and Function of G-Quadruplex Structures. Nat.
Rev. Genet. 2012, 13, 770-780. https://doi.org/10.1038/nrg3296

Ismail A. Elhaty

[23] Du, Y.; Zhou, X. Targeting non-B-form DNA in Living Cells.
Chem Rec 2013, 13, 371-384. https://doi.org/10.1002/tcr.201300005
[24] Wang, Y.; Patel, D.J. Solution Structure of the Human Te-
lomeric Repeat d[AG3(T2AG3)3] G-Tetraplex. Structure 1993, 1,
263-282. http://dx.doi.org/10.1016/0969-2126(93)90015-9

[25] Luu, K.N.; Phan, A.T.; Kuryavyi, V.; Lacroix, L.; Patel, D.J.

Structure of the Human Telomere in K Solution: An Intramolecular

(3 + 1) G-Quadruplex Scaffold. J. Am. Chem. Soc. 2006, 128, 9963-
9970. https://doi.org/10.1021/ja06279 1w

[26] Parkinson, G.N.; Lee, M.P.H.; Neidle, S. Crystal Structure of
Parallel Quadruplexes from Human Telomeric DNA. Nature 2002,
417, 876-880. https://doi.org/10.1038/nature755

[27] Renciuk, D.; Kejnovska, I.; Skolakova, P.; Bednarova, K.;
Motlova, J.; Vorlickova, M. Arrangements of Human Telomere
DNA Quadruplex in Physiologically Relevant K* Solutions. Nucleic
Acids Res. 2009, 37, 6625-6634.

https://dx.doi.org/10.1093 %2Fnar %2Fgkp701

[28] Tan, J.H.; Gu, L.Q.; Wu, J.Y. Design of Selective G-
Quadruplex Ligands as Potential Anticancer Agents. Mini-Rev.
Med. Chem. 2008, 8, 1163-1178.
https://doi.org/10.2174/138955708785909880

[29] Savjani, K.T.; Gajjar, A.K.; Savjani, J.K. Drug Solubility:
Importance and Enhancement Techniques. Int. sch. res. notices
2012, 2012, 195727. https://doi.org/10.5402/2012/195727

[30] Loftsson, T.; Brewster, M.E. Pharmaceutical Applications of
Cyclodextrins: Basic Science and Product Development. J Pharm
Pharmacol. 2010, 62, 1607-1621. https://doi.org/10.1111/j.2042-
7158.2010.01030.x

[31] Arora, A.; Kumar, N.; Agarwal, T.; Maiti, S. Retraction:
Human Telomeric G-Quadruplex: Targeting with Small Molecules.
FEBS J. 2010, 277, 1345-1345. https://doi.org/10.1111/j.1742-
4658.2009.07461.x

[32] Trotta, R.; De Tito, S.; Lauri, I.; La Pietra, V.; Marinelli, L.;
Cosconati, S.; Martino, L,.; Conte, M.R.; Mayol, L.; Novellino, E. et
al. A More Detailed Picture of the Interactions between Virtual
Screening-Derived Hits and the DNA G-Quadruplex: NMR, Mo-
lecular Modelling and ITC Studies. Biochimie 2011, 93, 1280-1287.
https://doi.org/10.1016/j.biochi.2011.05.021

[33] Nayak, A.K.; Panigrahi, P.P. Solubility Enhancement of
Etoricoxib by Cosolvency Approach. ISRN Physical Chemistry
2012, 2012, 820653. https://doi.org/10.5402/2012/820653

[34] Dincalp, H.; Aveibast, N.; Icli, S. Spectral Properties and G-
Quadruplex DNA Binding Selectivities of a Series of Unsymmetri-
cal Perylene Diimides. J. Photochem. Photobiol. A: Chem. 2007,
185, 1-12. https://doi.org/10.1016/j.jphotochem.2006.04.035

[35] Galezowska, E.; Masternak, A.; Rubis, B.; Czyrski, A.;
Rybcezynska, M.; Hermann, T.W.; Juskowiak, B. Spectroscopic
Study and G-Quadruplex DNA Binding Affinity of Two Bioactive
Papaverine-Derived Ligands. Int. J. Biol. Macromol. 2007, 41, 558-
563. https://doi.org/10.1016/j.ijbiomac.2007.07.008

[36] Franceschin, M.; Alvino, A.; Casagrande, V.; Mauriello, C.;
Pascucci, E.; Savino, M.; Ortaggi, G.; Bianco, A. Specific Interac-
tions with intra- and intermolecular G-Quadruplex DNA Structures
by Hydrosoluble Coronene Derivatives: A New Class of Telom-
erase Inhibitors. Bioorg Med Chem. 2007, 15, 1848-1858.
https://doi.org/10.1016/j.bmc.2006.11.032

[37] O'Sullivan, S.M.; Woods, J.A.; O'Brien, N.M. Use of Tween
40 and Tween 80 to Deliver a Mixture of Phytochemicals to Human
Colonic Adenocarcinoma Cell (CaCo-2) Monolayers. Br. J. Nutr.
2004, 91, 757-764. https://doi.org/10.1079/bjn20041094

[38] Hebda, E.; Niziol, J.; Pielichowski, J.; Sniechowski, M.;
Jancia, M. Properties of DNA Complexes with New Cationic Sur-



Effect of Tween 80 on the Stability and Conformation of Telomeric G-Quadruplex DNA 573

factants. Chem. Chem. Technol. 2011, 5, 397-402.
https://doi.org/10.23939/chcht05.04.397

[39] Nakama, Y. Chapter 15 — Surfactants. In Cosmetic Science
and Technology; Sakamoto, K.; Lochhead, R. Y.; Maibach H. L;
Yamashita, Y., Eds.; Elsevier: Amsterdam, 2017; pp. 231-244.

[40] Rosen, M.J., Kunjappu, J.T. Surfactants and interfacial phe-
nomena; John Wiley & Sons, 2012.

[41] Nielsen, C.K.; Kjems, J.; Mygind, T.; Snabe, T.; Meyer, R.L.
Effects of Tween 80 on Growth and Biofilm Formation in Labora-
tory Media. Front. Microbiol. 2016, 7, 1878.
https://dx.doi.org/10.3389 %2Ffmicb.2016.01878

[42] Skiba, M.; Vorobyova, V.; Kovalenko, I.; Shakun, A. Synthe-
sis of Tween-Coated Silver Nanoparticles by a Plasma-Chemical
Method: Catalytic and Antimicrobial Activities. Chem. Chem.
Technol. 2020, 14,297-303.
https://doi.org/10.23939/chcht14.03.297

[43] Chebotarev, A.; Demchuk, A.; Bevziuk, K.; Snigur, D. Mixed
Ligand Complex of Lanthanum (III) and Alizarine-Complexone
with Fluoride in Micellar Medium for Spectrophotometric Determi-
nation of Total Fluorine. Chem. Chem. Technol. 2020, 14, 1-6.
https://doi.org/10.23939/chcht14.01.001

[44] Irshad, S.; Sultana, H.; Usman, M.; Saced, M.; Akram, N.;
Yusaf, A.; Rehman, A. Solubilization of Direct Dyes in Single and
Mixed Surfactant System: A Comparative Study. J. Mol. Lig. 2021,
321, 114201. https://doi.org/10.1016/j.mollig.2020.114201

[45] Glasel, J.A. Validity of Nucleic Acid Purities Monitored by
A260/A280 Absorbance Ratios. Biotechniques 1995, 18, 62-63.
[46] Xu, Y.; Noguchi, Y.; Sugiyama, H. (). The new models of the
human telomere dJAGGG(TTAGGG)3] in K' solution. Bioorg.

Med. Chem. 2006, 14, 5584-5591.
http://dx.doi.org/10.1016/.bmc.2006.04.033

[47] Lannan, F.M.; Mamajanov, I.; Hud, N.V. Human Telomere
Sequence DNA in Water-Free and High-Viscosity Solvents: G-
Quadruplex Folding Governed by Kramers Rate Theory. J. Am.
Chem. Soc. 2012, 134, 15324-15330.
https://doi.org/10.1021/JA303499M

[48] Heddi, B.; Phan, A.T. Structure of Human Telomeric DNA in
Crowded Solution. J. Am. Chem. Soc. 2011, 133, 9824-9833.
https://doi.org/10.1021/ja200786q

[49] Nucleic Acids in Chemistry and Biology (3rd ed.); Blackburn,
G.M.; Gait, M.].; Loakes, D.; Williams, D.M., Eds.; RSC Publish-
ing: Cambridge, 2006.

Received: October 04, 2021 / Revised: November 12, 2021 /
Accepted: December 30, 2021

BILIVB TBIH 80 HA CTABLJIBHICTb I
KOH®OPMALIIO TEJJOMEPHOI G-
KBAJIPYILJIEKCHOI THK

Anomauin. G-xeadpynnexcua JJHK ymeopioemuvcs 6 meno-
Mepi. Bona npuchiuye hepmenm menomepasy, akmusHuil y Oinou
Hige 85 % paxosux xuimun. YV yiti pobomi Oyno 6usueHo 6nIu8
Tein 80 na menomepry G-keaopynnexcry JIHK AGGG(TTAGGG); 3a
00NOMO2010 CHEKMPOCKONIYHOL MEMOOUKU YUPK)IISIPHO2O OUXPOIZMY.
Ompumani pesynomamu noxkazanu, wo suxopucmarns Tsin 80 3 me-
JIOMEPHUM KBAOPYNIIEKCOM € be3neunum 3a Konyenmpayii 0o 1,0 %.

Knwuosi cnosa: menomep; Tein  80;

YUPKYIAPHULL OUXpOi3M; KOHGhOpMayist.

Keaopyniexc,



