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Synthesis	and	biophysical	properties	of	(L)-aTNA	based	G-
Quadruplexes		
Vipin	Kumar	and	Kurt	V.	Gothelf

Novel	 G-quadruplex	 structures	 are	 constructed	 by	 acyclic	 (L)-
threninol	 nucleic	 acid	 and	 their	 synthesis	 and	 biophysical	
properties	are	described.	Pyrene	excimer	fluorescence	and	circular	
dichroism	 (CD)	 data	 revealed	 that	 four	 strands	 of	 aTNA	 are	
oriented	in	antiparallel	direction.		

Acyclic	 oligonucleotides1	 are	 playing	 a	 very	 important	 role	 for	 the	
development	of	antisense	techniques2	and	biosensors3.	The	interest	
in	 investigating	 acyclic	 oligonucleotides	has	 increased	due	 to	 their	
easy	 chemical	 synthesis,	 stability	 against	 nucleases2,	 3a	 and	 high	
chemical	 stability	 at	 low	pH4.	Naturally	occurring	deoxyribonucleic	
acid	(DNA)	and	ribose	nucleic	acid	(RNA)	have	been	shown	to	form	
various	 unusual	 structures	 like	 the	 A-motif,	 i-motif	 and	 G-
quadruplex5.	 These	 structures	 have	 been	 utilized	 for	 the	
construction	 of	 nano	 devices	 and	 sensors.	 Guanine-rich	
oligonucleotides	can	self-assemble	in	G-tetrads,	where	four	guanine	
nucleotides	interact	by	Hoogsteen	hydrogen	bonds,	which	results	in	
the	 G-quadruplex6	 (Fig.	 1).	 Monovalent	 cations	 are	 required	 for	
further	 stabilization	 of	 G-Quadruplex	 structures.	 Of	 the	 acyclic	
oligonucleotides	peptide	nucleic	acid	(PNA)	has	also	been	explored	
for	 the	 construction	 of	 G-quadruplex	 structures7.	 PNA	 does	 not	
contain	phosphodiester	 bonds	 and	 therefore	 shows	poor	 aqueous	
solubility.	 Only	 butyl	 nucleic	 acid	 (BuNA)	 which	 contains	
phosphodiester	linkages	has	been	reported	as	an	acyclic	scaffold	for	
the	 A-motif4.	 Due	 to	 the	 flexible	 backbone,	 BuNA	 was	 unable	 to	
hybridize	with	DNA	or	RNA1c.				
Recently,	we	showed	that	poly	pyrimidine	(L)-aTNA	is	able	to	make	
highly	 stable	 triple	 helix	 with	 single	 stranded	 poly	 purine	 DNA	 or	
RNA	 (Fig.	 1).1e	 Here	 we	 extend	 our	 investigation	 in	 order	 to	
construct	 the	 (L)-aTNA	 based	 G-quadruplex	 structures.	 In	 this	
investigation	 we	 have	 found	 that	 aTNA	 forms	 stable	 G-
quadruplexes	 in	 both	 intermolecular	 and	 intramolecular	 forms.	
Furthermore,	 G-rich	 aTNA	 could	 be	 very	 good	 candidate	 in	 the	

future	 for	 the	 charge	 transport,	 since	 it	 has	 been	 shown	 that	 G-
quadruplexes	are	conducting8.		

	

Figure	1:	Structure	of	the	G-tetrad,	acyclic	(L)-threoninol	nucleic	acid	(L-aTNA)	and	
pyrene	on	aTNA	scaffold.		

Synthesis	of	the	guanine	(L)-aTNA	phosphoramidite	was	carried	out	
in	 four	 steps	 with	 good	 yields	 (ESI,	 S1,	 S2).	 DNA	 and	 aTNA	
oligonucleotides	 were	 synthesized	 and	 analysed	 by	 liquid	
chromatography–mass	spectrometry	(LC-MS)	(ESI,	S3,	S4).	

Table	1:	Non-Fluorescent	aTNA	and	DNA	oligonucleotide	sequencesa	

Code	 Sequences	 Type	
ON-1	 5’-gggggggggggT-3’	 (L)-aTNA	
ON-2	 5’-gggggggT-3’	 (L)-aTNA	
ON-3	 5’-gggtttgggtttgggtttgggT-3’	 (L)-aTNA	
ON-4	 5’-GGGTTTGGGTTTGGGTTTGGGT-3’	 DNA	
ON-5	 5’-ggttggtgtggttgg-4’	 (L)-aTNA	
ON-6	 5’-gggggggCCCCCCCT-3’	 (L)-aTNA-DNA	
ON-7	 5’-CCCCCCCCCCC-3’	 DNA	
ON-8	 5’-cccccccccccT-3’	 (L)-aTNA	
ON-9	 5’-CCCAAACCCAAACCCAAACCCA-3’	 DNA	

aSmall	letters	indicate	(L)-aTNA	nucleotides	and	capital	letters	indicate	DNA	
nucleotides.	

First,	 the	 existence	 of	 (L)-aTNA	based	G-quadruplex	 (Q-aTNA)	was	
verified	by	melting	curve	monitoring	at	295	nm,	where	the	inverse	
sigmoidal	 thermal	 denaturation	 is	 characteristic	 for	 G-quadruplex	
structures.6a	 Figure	2	 shows	 the	UV-melting	profile	of	ON-1	 (Table	
1)	 in	 10	 mM	 phosphate	 buffer	 containing	 100	 mM	 potassium	
chloride	at	pH	7.4,	which	exhibited	a	melting	temperature	at	70	°C.	
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A	 decrease	 in	 absorbance	 was	 observed	 by	 increasing	 the	
temperature.	 	 In	 addition,	 the	 melting	 temperature	 of	 ON-2	 was	
determined	to	be	47	°C	(Fig.	2).	These	data	indicate	that	sequences	
containing	a	stretch	of	aTNA	guanine	nucleotides	are	able	 to	 form	
G-tetrad.	 The	 presence	 of	 salts	 is	 also	 an	 important	 parameter	 in	
order	to	obtain	G-quadruplex	structure	and	in	particular	potassium	
ions	are	known	to	stabilize	quadruplexes6d.	Therefore,	the	stability	
of	 the	 structures	was	also	 investigated	 in	Milli-Q	water	 (no	added	
salt).	ON-2	 showed	 increase	 in	 the	 absorbance	 at	wavelength	295	
nm	by	 increasing	 the	 temperature,	which	 reveals	 that	ON-2	exists	
as	random	coil	in	the	absence	of	a	buffer	and	potassium	ions	(data	
not	 shown).	 However,	 ON-1	 showed	 a	 distinct	 melting	 curve	 in	
water	 and	 the	 melting	 temperature	 was	 determined	 to	 be	 33	 °C	
(ESI,	 Figure	 S5.1).	 Next,	 we	 investigated	 the	 folding	 of	 the	 ON-3	
sequence	 composed	 of	 four	 stretches	 of	 “ggg”,	 forming	 the	 G-
quartet	core	with	loops	of	“ttt”	nucleotides.	The	sequence	showed	
a	 thermal	 stability	 at	 Tm	 =	 51	 °C	 (Fig.	 2).	 Interestingly,	 this	
presumable	 intramolecular	 folding	 of	 ON-3	 was	 stable	 in	 Milli-Q	
water	 (Tm	 =	 37	 °C)	 (ESI,	 Figure	 S5.2)	 (Table	 2).	 All	 the	 thermal	
denaturation	 curves	 were	 observed	 to	 be	 reversible	 at	 1	 °C/	min	
heating	and	cooling	rate	with	low	hysteresis	of	3	°C	lower	annealing	
temperature.	 These	 studies	 indicate	 that	 a	 stretch	 of	 guanine	
nucleotides	of	aTNA	has	a	property	of	self-assembling	in	quadruplex	
structure.	In	addition	an	oligo	strand	a	containing	chimera	of	aTNA	
and	 DNA	 (ON-6)	 was	 investigated	 but	 no	 melting	 transition	 was	
observed	at	wavelength	295	nm	while	stable	duplex	was	observed	
at	260	nm	(ESI,	Figure	S5.3).		

	

Figure	2:	Thermal	denaturation	profiles	at	wavelength	295	nm	of	4	µM	oligos	ON-1,	
ON-2	or	ON-3	was	used	in	10	mM	potassium	phosphate	buffer	containing	100	mM	
potassium	chloride	at	pH	7.4.			

Table	2:	Thermal	stabilities	of	Q-aTNA	measured	at	295	nm.	

Code	 Sequences	 Tm	(°C)
a	 Tm	(°C)

b	

ON-1	 5’-gggggggggggT-3’	 70	 33	
ON-2	 5’-gggggggT-3’	 47	 Nd	
ON-3	 5’-gggtttgggtttgggtttgggT-3’	 51	 37	

aCondition:	10	mM	phosphate	buffer,	100	mM	KCl	at	pH	7.4,	bCondition:	Milli-Q	
water	(no	added	salt).	Nd	=	No	melting	was	observed.	

The	 secondary	 structures	 of	 G-rich	 oligonucleotides	 have	 been	
investigated	by	circular	dichroism	(CD)	under	various	conditions.9	In	

phosphate	buffer,	ON-1	and	ON-2	showed	positive	Cotton	effects	at	
255	 nm	 and	 210	 nm	 with	 small	 shoulder	 peak	 at	 289	 nm	 and	
negative	Cotton	effects	at	273	nm	and	236	nm.	Interestingly,	ON-3	
containing	 the	 four	 “ggg”	 domains	with	 loops	 of	 “ttt”	 nucleotides	
displayed	 the	 same	 CD	 pattern	 which	 can	 be	 interpreted	 as	 the	
intramolecular	Q-aTNA.	 CD	was	 also	 recorded	 in	Milli-Q	water	 for	
ON-1,	 ON-2	 and	 ON-3.	 ON-2	 was	 observed	 as	 a	 random	 coil,	
whereas	ON-1	showed	weak	CD	profile,	which	further	confirms	the	
UV-melting	data	 (ESI,	Figure	S5.4).	However,	a	weak	structure	was	
observed	 for	 ON-2	 in	 10	 mM	 tris-HCl	 buffer	 at	 pH	 7.4,	 where	
melting	 temperature	 was	 to	 be	 determined	 as	 29	 °C	 (ESI,	 Figure	
S5.5)6d.			

	

Figure	3:	CD	profiles	of	G-Quadruplex	(L)-aTNA	at	22	°C.	Each	oligonucleotide	with	2	µM	
concentration	in	10	mM	phosphate	buffer	at	pH	7.4	containing	100	mM	potassium	
chloride.	

In	 Milli-Q	 water,	 ON-3	 exhibited	 similar	 CD	 pattern	 with	 weak	
negative	 cotton	 effect	 at	 272	 nm,	 which	 demonstrates	 that	 its	
folding	was	less	dependent	on	salt	as	compared	to	ON-1	and	ON-2	
(ESI,	Figure	S5.6).	In	addition,	ON-3	in	unbuffered	water	containing	
100	mM	potassium	chloride	exhibited	similar	melting	 temperature	
(51	 °C)	 (ESI,	 Figure	 S5.7).	 This	 clearly	 data	 indicate	 that	 folding	 of	
ON-3	is	independent	of	counter	ions	(buffer).	On	the	contrary	DNA	
based	 intramolecular	 G-quadruplex	 sequence	 (ON-4)	 exhibited	
denatured	 structure	 when	 CD	 was	 recorded	 in	 Milli-Q	 water	 as	
compared	 to	 buffer	 (ESI,	 Figure	 S5.8).	 Moreover,	 increased	
absorbance	was	observed	when	UV-melting	was	performed	at	295	
nm	 in	 unbuffered	 water.	 The	 DNA	 analogs	 d(G)7	 or	 d(G)11	 were	
difficult	 to	 synthesize,	 therefore	we	were	unable	 to	 compare	with	
aTNA.	 Furthermore,	 we	 also	 tested	 a	 short	 sequence	 (ON-5)	 of	
aTNA,	 which	 was	 expected	 to	 fold	 in	 a	 G-quadruplex,	 where	 two	
tetrads	 stacking	 allow	 structure	 formation.	 In	 10	 mM	 phosphate	
buffer	 with	 100	 mM	 potassium	 chloride,	 ON-5	 did	 not	 display	
secondary	 structure	 as	 confirmed	 by	 CD	 (ESI,	 Figure	 S5.9).	 This	
study	revealed	that	three	tetrads	of	guanine	nucleotides	may	be	the	
minimum	requirement	for	the	existence	of	intramolecular	aTNA	G-
quadruplex	 structure.	 It	 should	 be	 noted	 here	 that	 PNA	 has	 not	
been	reported	to	form	intramolecular	G-quadruplex.						
Formation	of	more	different	G-quadruplex	 structures	of	ON-1	and	
ON-3	cannot	be	rule	out.	We	therefore	investigated	ON-1	and	ON-3	
by	 non-denatured	 electro	 mobility	 gel	 shift	 assay	 (EMSA),	 which	
showed	only	a	single	band	for	both	sequences.	The	mobility	of	the	
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band	for	ON-1	 is	around	25	base	pair	(bp)	relative	to	the	 ladder	 in	
lane	 3,	 which	 corresponds	 to	 an	 intermolecular	 Q-quadruplex	
formed	 out	 by	 4	 strands	 of	 the	 12	 nucleotides	 long	 ON-1	 (Fig.	 4,	
Lane	2	and	4).	

	

Figure	4:	Electro	mobility	gel	shift	assay	(EMSA).	Samples	were	incubated	overnight	in	
Milli-Q	water(Lane	1,	2)	and	10	mM	phosphate	buffer,	100	mM	potassium	chloride	at	
pH	7.4	(Lane	4,	5)	with	140	pmol	for	ON-1	(Lane	2,	4)	and	70	pmol	for	ON-3	(Lane	1,	5).	
Non-denatured	7	%	polyacrylamide	gel	was	run	in	TBE	buffer	containing	50	mM	
potassium	chloride	at	110	V	for	3	hours	at	low	temperature	(≈	15	°C).	The	gel	was	
stained	by	SYBR	Gold.							

The	 higher	 mobility	 band	 of	 ON-3	 (22	 nucleotides)	 suggests	 that	
ON-3	 folds	 in	an	 intramolecularly	G-quadruplex	 (Fig.	4,	Lane	1	and	
5).	 In	 addition,	 when	 gel	 was	 run	 at	 low	 voltage	 and	 low	
temperature	 for	 long	 time,	 a	 low	mobility	 band	was	 observed	 for	
ON-3	(ESI,	Figure	S5.10a,	Lane	5).	This	 low	mobility	complex	might	
be	 due	 to	 weak	 intermolecular	 interactions.	 In	 addition,	 we	 also	
compared	 the	 G-quadruplex	 of	 DNA	 (ON-4)	 with	 aTNA	 (ON-3)	 by	
EMSA,	which	showed	similar	band	mobility	(ESI,	Figure	S5.10b,	Lane	
3	and	4),	therefore	confirm	the	intramolecular	folding,	since	ON-4	is	
known	 to	 fold	 in	 intramolecular	G-quadruplex6e.	 Furthermore,	 the	
DNA	 strand	 (ON-4)	 gave	 rise	 to	a	 second	band	with	high	mobility,	
which	 may	 be	 the	 denatured	 structure.	 Furthermore,	
intramolecular	 structure	 formation	 was	 also	 confirmed	 by	
concentration	 dependent	 thermal	 denaturation	 studies	 of	 ON-3,	
which	 showed	 that	 the	 melting	 temperature	 was	 concentration	
independent	 (ESI,	 Figure	 S5.7).	 It	 is	 important	 to	 note	 that	 both	
intramolecular	 and	 intermolecular	Q-aTNA	 showed	 similar	melting	
temperature	in	the	presence	of	sodium	or	potassium	ions	(data	not	
shown).	 In	 contrast	 it	 has	 been	 shown	 that	 DNA	 based	 G-
quadruplex	are	highly	dependent	on	potassium	than	sodium	ions6e.				
Next,	 we	 investigated	 the	 interaction	 of	 the	 Q-aTNA	 with	
complementary	strands	in	10	mM	phosphate	buffer	containing	100	
mM	potassium	chloride	at	pH	7.	ON-1,	ON-2	and	ON-3	were	mixed	
with	 their	 complementary	 DNA	 strands,	 where	 melting	
temperatures	at	wavelength	260	nm	was	to	be	determined	as	80	°C,	
61	°C	and	71	°C	respectively	 (ESI,	Figure	S5.11,	12,	13).	 In	addition	
for	 these	 duplexes	 no	 sigmoidal	 melting	 curve	 was	 observed	 at	
wavelength	 at	 295	 nm,	 which	 indicated	 the	 heteroduplex	
(aTNA/DNA)	 formation	and	absence	of	Q-aTNA	 (ESI,	 Figure	S5.14).	
Furthermore,	CD-melting	data	showed	highly	stable	homoduplexes	
(aTNA/aTNA)	of	ON-1/ON-8	(Tm	=	92	°C)	and	ON-2/c7dT	(Tm	=	70	°C)	
(ESI,	 Figure	 S5.15).	 These	 studies	 revealed	 that	Q-aTNA	 structures	
can	 be	 directed	 to	 form	 the	 duplex	 by	 the	 addition	 of	
complementary	 DNA	 or	 aTNA	 strands.	 CD	 spectra	 were	 also	

recorded	 for	 homoduplex	 and	 heteroduplex	 structures.	
Oligonucleotides	 ON-1/ON-7	 and	 ON-6	 showed	 positive	 Cotton	
effects	around	267	nm	and	negative	Cotton	effect	at	225	nm.	The	
ON-1/ON-8	duplex	displayed	positive	CD	band	at	267	nm	and	204	
nm	with	 negative	 bands	 at	 285	 nm	 and	 255	 nm.	Heteroduplex	 of	
ON-3/ON-9	 exhibited	 Cotton	 effects	 at	 262	 nm	 and	 203	 nm	 with	
negative	Cotton	effects	at	238	nm	(Fig.	5).		

	

Figure	5:	CD	profiles	of	homoduplex	aTNA/aTNA,	heteroduplex	of	DNA/aTNA	and	self-
complementary	at	22	°C.	Each	oligonucleotide	with	1	µM	concentration	in	10	mM	
potassium	phosphate	buffer	at	pH	7.4	containing	100	mM	potassium	chloride.	

The	formation	of	 intermolecular	G-quadruplexes	with	DNA	strands	
generally	assemble	with	the	strands	in	a	parallel	orientation.	In	the	
literature	 it	has	been	shown	that	pyrene	excimer	fluorescence	can	
be	 used	 for	 the	 investigation	 of	 strand	 orientation	 in	 DNA	 G-
quadruplexes.10	 Therefore,	 we	 investigated	 ON-10	 and	 ON-13	
sequences	 (Table	 3),	where	 pyrene	moieties	were	 installed	 at	 the	
5’-end	and	at	both	the	ends	respectively.	First,	we	investigated	ON-
10	 which	 contains	 pyrene	 at	 the	 5’-end.	 The	 sample	 (ON-10)	 in	
phosphate	buffer	was	excited	at	340	nm	and	monitored	 from	350	
nm	 to	 670	 nm.	 However,	 no	 excimer	 emission	 at	 around	 494	 nm	
was	displayed,	while	monomer	fluorescence	at	wavelength	378	nm	
was	observed	(Fig.	6).		

Table	3:	Fluorescent	(L)-aTNA	and	DNA	oligonucleotidesa	

Code	 Sequences	 Type	
ON-10	 5’-PygggggggggggT-3’	 (L)-aTNA	
ON-11	 5’Py-cccccccccccT-3’	 (L)-aTNA	
ON-12	 5’-PyCCCCCCCCCCC-3’	 DNA	
ON-13	 5’-PygggggggggggPyT-3’	 (L)-aTNA	

aSmall	letters	indicate	(L)-aTNA	nucleotides	whereas	capital	letters	indicate	DNA	
nucleotides.	Py	=	Pyrene	nucleotide	
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Figure	6:		Fluorescence	emission	spectra	of	ON-10	(0.5	µM)	and	with	their	DNA	or	aTNA	
complementary	strands	(0.5	µM).	Samples	were	incubated	overnight	at	22	°C	in	water	
(Milli-Q)	or	10	mM	potassium	phosphate	buffer	containing	100	mM	potassium	chloride	
at	pH	7.4).	Duplex	of	ON-10/ON-12	were	measured	at	0.25	µM	concentration.			

Moreover,	 the	 fluorescence	 intensity	 of	 ON-10	 was	 decreased	 in	
Milli-Q	water	(no	added	salt)	due	to	a	less	stable	Q-aTNA	structure,	
which	can	allow	thymine	nucleotide	to	 interact	with	pyrene11.	The	
fluorescence	 intensity	 was	 further	 decreased	 for	 the	 antiparallel	
duplex	 formation	 of	 ON-10	 with	 ON-11.	 This	 fluorescence	
quenching11	 can	 be	 expected	 due	 the	 presence	 of	 thymine	
nucleotide	at	 the	3’-ends	of	ON-10	and	ON-11.	 	When	ON-10	was	
mixed	 with	 ON-12,	 a	 strong	 excimer	 emission	 at	 494	 nm	 was	
observed	which	corresponds	to	the	parallel	heteroduplex1f	 (Fig.	6).	
The	 absence	 of	 excimer	 emission	 from	 ON-10	 is	 ascribed	 to	 the	
formation	 of	 an	 intermolecular	 G-quadruplex	 in	 which	 the	 four	
strands	 have	 an	 antiparallel	 orientation.	 This	 places	 two	 pairs	 of	
pyrenes	 in	 diagonal	 positions	 at	 each	 end	 of	 the	 G-quadruplex.	
Since	 a	 short	 three-carbon	 linker	 on	 (L)-aTNA	 scaffold	 is	 used	 for	
linking	 pyrene	 (Fig.	 1)	 on	 the	 5’-position	 of	 ON-10,	 the	 pairs	 of	
pyrene	are	not	capable	of	establishing	the	close	contact	required	or	
excimer	formation.	

	

Figure	7:	Bis-pyrene	excimer	fluorescence	spectra	of	ON-13	(0.5	µM	concentration)	
under	different	conditions.	Water	(Milli-Q),	10	mM	Tris-HCl	buffer	at	pH	7.4,	10	mM	
potassium	phosphate	buffer	containing	100	mM	potassium	chloride	at	pH	7.4,	Milli-Q	
water	containing	100	mM	potassium	chloride	and	10	mM	Tris-HCl	buffer	containing	
100	mM	potassium	chloride.	Samples	were	incubated	overnight	at	room	temperature	
and	excited	at	wavelength	340	nm.										

In	 order	 to	 verify	 the	 formation	 of	 the	 quadruplex	 by	 excimer	
formation,	 we	 investigated	 the	 fluorescence	 properties	 of	 ON-13	
(Table	3),	which	contains	pyrene	moieties	at	the	5’	and	3’-ends.	The	
ON-13	 sequence	 gives	 rise	 to	 a	 strong	 excimer	 fluorescence	 band	
around	494	nm,	which	demonstrates	 that	Q-aTNA	 is	 composed	of	
antiparallel	 strands	arrangement	 (Fig.	 7).	 In	 this	 case	 four	pyrenes	
are	located	at	each	end	of	the	G-quadruplex	and	they	can	pairwise	
interact	with	the	nearest	neighbour	to	form	an	excimer.	Moreover,	
less	 intense	 excimer	 fluorescence	 was	 observed	 in	 10	 mM	 tris	
buffer	at	pH	7.4	without	potassium	salt	 (Fig.	 7).	When	ON-13	was	
examined	 in	Milli-Q	water	 (no	 added	 salt),	 a	 weak	 excimer	 effect	
was	observed.	 Furthermore,	 addition	of	potassium	chloride	 salt	 in	
water	and	tris	buffer	improved	the	excimer	fluorescence	effect	(Fig.	
7)	 where	 the	 ratio	 of	 excimer	 to	monomer	 fluorescence	 intensity	
(Iex/Im)	was	 equivalent	 in	 phosphate	buffer.	 This	 data	 suggest	 that	
four	 strands	of	ON-13	are	oriented	 in	 antiparallel	 direction,	which	
favours	excimer	formation.	
In	 the	 previous	 studies	 G-Quadruplex	 DNA	 has	 been	 used	 as	 a	
sensor	 for	 the	 potassium	 ions.10	 We	 therefore,	 investigated	 the	
effect	of	potassium	chloride	on	ON-13.	The	ON-13	was	dissolved	in	
Milli-Q	 water	 and	 different	 amount	 of	 potassium	 chloride	 was	
added	(ESI,	Figure	S5.16).	The	ratio	 Iex/Im	increased	with	 increasing	
concentration	potassium	chloride,	which	revealed	the	sensitivity	of	
ON-13	 from	 0	mM	 to	 5	mM	 concentration	 of	 potassium	 chloride	
(ESI,	Figure	S5.17).	Unlike	DNA,	RNA	the	aTNA	structures	turned	out	
to	 form	 G-quadruplexes	 in	 the	 absence	 of	 potassium	 and	 other	
salts,	which	is	remarkable.		
In	 conclusion,	 we	 have	 synthesized	 (L)-aTNA	 based	 G-
Quadruplexes.	UV-melting,	CD,	EMSA	and	fluorescence	studies	
showed	 that	 G-rich	 aTNA	 can	 fold	 as	 intermolecular	 and	
intramolecular	 G-quadruplex	 structures	 depending	 on	 the	
sequence.	 Thermal	 denaturation	 studies	 demonstrated	 that	
intramolecular	Q-aTNA	 is	more	 stable	 than	 intermolecular	Q-
aTNA.	 Importantly,	aTNA	 (ON-3)	 folds	 into	 the	 intramolecular	
G-quadruplex	in	Milli-Q	water,	while	DNA	(ON-4)	was	observed	
unfolded	 under	 this	 condition.	 Furthermore,	 these	 acyclic	
backbones	 have	 reported	 to	 be	 very	 stable	 against	
nucleases.2,3a	 These	 studies	 may	 provide	 a	 new	 platform,	
where	 (L)-aTNA	can	 find	 its	 applications	 for	 the	development	
of	nanodevices	or	nanostructures.		
	
The	 authors	 acknowledge	 financial	 support	 from	 the	 Danish	
National	Research	Foundation	(DNRF	81).	
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