N

N

The stability of triplex DNA is affected by the stability

of the underlying duplex
David A. Rusling, Phillip A. Rachwal, Tom Brown, Keith R. Fox

» To cite this version:

David A. Rusling, Phillip A. Rachwal, Tom Brown, Keith R. Fox. The stability of triplex DNA is
affected by the stability of the underlying duplex. Biophysical Chemistry, 2009, 145 (2-3), pp.105.
10.1016/j.bpc.2009.09.007 . hal-00588349

HAL Id: hal-00588349
https://hal.science/hal-00588349

Submitted on 23 Apr 2011

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-00588349
https://hal.archives-ouvertes.fr

Accepted Manuscript

BIOPHYSICAL
CHEMISTRY

The stability of triplex DNA is affected by the stability of the underlying
duplex

David A. Rusling, Phillip A. Rachwal, Tom Brown, Keith R. Fox

PIl: S0301-4622(09)00194-X

DOI: doi: 10.1016/).bpc.2009.09.007
Reference: BIOCHE 5296

To appear in: Biophysical Chemistry

Recelved date: 24 July 2009
Revised date: 16 September 2009
Accepted date: 16 September 2009

Please cite this article as: David A. Rusling, Phillip A. Rachwal, Tom Brown, Keith R.
Fox, The stability of triplex DNA is affected by the stability of the underlying duplex,
Biophysical Chemistry (2009), doi: 10.1016/j.bpc.2009.09.007

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.


http://dx.doi.org/10.1016/j.bpc.2009.09.007
http://dx.doi.org/10.1016/j.bpc.2009.09.007

The stability of triplex DNA is affected by the stability of the underlying
duplex

David A. Rusling', Phillip A Rachwal', Tom Brown* and Keith R. Fox'*

!School of Biological Sciences, University of Southampton, Bassett Crescent East,
Southampton SO16 7PX, UK and *School of Chemistry, University of Southampton,
Highfield, Southampton SO17 1BJ, UK

*To whom correspondence should be addressed.

Tel: +44 23 8059 4374; Fax: +44 23 8059 4459; Email: k.r.fox@soton.ac.uk

Present addresses:

DAR: Dept. Biochemistry, University of Bristol, University Walk, Bristol BS8 1TD,
UK

PAR: DSTL, Porton Down, Salisbury SP4 0JQ, UK

Keywords: Triplex, nucleotide analogue, thermal melting



Abstract

We have studied the formation of DNA triple helices in different sequence
contexts and show that, for the most stable triplexes, their apparent stability is affected
by the stability of the underlying duplex. For a 14-mer parallel triplex-forming
oligonucleotide (generating C".GC and T.AT triplets) at pH 5.0 the 7,, is more than 10
°C lower with an intermolecular 14-mer duplex target, than it is with an
intramolecular duplex, or one which is flanked by 6 GC base pairs at either end. A
similar effect is seen with triplex-forming oligonucleotides that contain stabilising
analogues, for which the 7, is higher for an intramolecular than an intermolecular
duplex target. These results suggest that the use of simple intermolecular duplex
targets may underestimate the triplex stabilisation that is produced by some nucleotide

analogues.



1. Introduction

Triple helical nucleic acids are formed by binding a third oligonucleotide
strand within the major groove of duplex DNA, in which bases in the third strand
make specific contacts with the exposed edges of the duplex base pairs [1-5]. In the
most commonly studied form the third strand is oriented parallel to the purine strand
of the duplex generating T.AT and C".GC triplets [6-8]. The three stranded structure
is usually less stable than the underlying duplex, as a result of the repulsion between
the three negatively charge strands. The formation of these complexes is also limited
by the requirement for low pH (required for protonation of cytosine in the C*.GC
triplet) and is usually restricted to oligopurine.oligopyrimidine tracts. A large number
of nucleotide analogues have been devised in attempts to overcome these limitations
[9-19].

One of the most commonly used methods for assessing the stability of these
triple helical complexes is to measure their thermal stability by either UV or
fluorescence melting experiments [20]. These are usually performed with short
synthetic duplex targets, which are of similar length to the third strand. In some
experiments the duplex has been made longer than the triplex in order to separate the
duplex and triplex melting transitions [21-23], while others have employed
intramolecular duplexes in order to increase the stability of the target [24-26]. In
contrast in most footprinting experiments and for in vivo applications the duplexes in
which the target sequences are located will be much longer than the third strand
[19,27,28].

As aresult of progress in the design and synthesis of modified nucleotides it is
now possible to generate triplexes that are as stable as the underlying duplex and the
entire complex melts in a single transition. We were therefore concerned that for some
very stable triplexes the apparent affinity of the third strand will be limited by the
stability of the underlying duplex, since melting of the duplex will probably cause the
third strand to dissociate from its Hoogsteen partner. We have therefore examined
how the stability of the duplex target affects triplex melting. We have done this by
comparing the interaction of one oligonucleotide (TFO1, Fig. 1a) with its duplex
target when this is placed in a variety of different duplex contexts. This TFO is suited
to this analysis as at low pHs, and on incorporation of stabilising nucleotides, the

melting of this triplex overlaps with that of the simple intermolecular duplex. For



these studies we have used duplexes that are stabilised by adding GC- or AT- tails to

either end, or by joining the two strands to generate an intramolecular duplex.



2. Materials and Methods

2.1 Oligonucleotides

The sequences of the oligonucleotides used in these studies are shown in Fig. 1. These
were prepared as previously described [23]. For the experiments with unmodified
triplex-forming oligonucleotides all the duplex targets contained the oligopurine tract
AGAGAGAAGGAGGA, which was embedded within a variety of different sequence
contexts. The 14-mer third strand oligonucleotide (TFO1) contained natural bases
only (T and C). The oligonucleotides containing nucleotide analogues at a single
central location in place of T (TFOs 2-7) were 18-mers and were targeted against the
duplexes inter2 and intra2. The structures of the various nucleotide analogues are
shown in Fig. 1b. In each case the purine strand of the duplex was labelled with
fluorescein, which was either placed at the 5’-end or attached to the 5-position of a U
located close to the 5’-end of the triplex target site (FAM-dU). The TFOs were
labelled with dabcyl at the 5’-end. Phosphoramidites for 5’-fluorescein, FAM-dU and

5’-dabcyl were purchased from Glen Research.

2.2 Fluorescence melting

Triplex stability was assessed by fluorescence melting experiments as previously
described [20]. In these experiments, triplex formation brings the fluorophore
(fluorescein) and quencher (dabcyl) close together and the fluorescence is quenched.
When the triplex melts these reporter groups move apart and there is a large increase
in the fluorescence signal. Unless otherwise stated the concentration of the
fluorescein-labelled strand was 0.25 uM, while the dabcyl-labelled strand was 3 uM,
as in previous work [19,29,30]. Melting curves were measured using a Roche
LightCycler with complexes prepared in 50 mM sodium acetate containing 200 mM
NaCl at pH 5.0 or 5.8 (total volume 20 pL). The LightCycler has one excitation
source (488 nm) and changes in fluorescence were measured at 520 nm. The mid-
points of the melting transitions were estimated from the maximum of the first
derivative, using the LightCycler software. Each experiment was repeated at least
twice and melting temperatures are accurate to within 0.5 °C. Rates of temperature
change of slower than 6 °C.min"' were achieved by increasing the temperature in 1 °C
steps, leaving the samples for a fixed time interval between each increase in

temperature. The LightCycler is designed for real-time PCR in which heat is rapidly



transferred to the glass capillary and it is compatible with very fast heating and

cooling (up to 12 °C.min™" in these experiments).



3. Results

3.1 Comparison of different duplexes

We have examined how the stability of the duplex target affects the apparent
triplex stability by studying the interaction of TFO1 (Fig. 1a) with its target site when
this is placed in a variety of different duplex contexts. Each of these duplexes (shown
in Fig. 1a) contains the same 14 base pair oligopurine.oligopyrimidine target
sequence. Interl is a simple 14 base pair intermolecular duplex. This is flanked by 6
AT or 6 GC base pairs on either or both sides in sequences 3’ATATAT, 5’-ATATAT,
3’-GCGCGC, 5°-GCGCGC and 5’& 3’-GCGCGC. Intral is the same 14 base pair
sequence in which the two strands are linked by hexaethylene glycol generating an
intramolecular duplex. Representative melting profiles for the interaction of TFO1
with these different duplexes are shown in Fig. 2a at pH 5.0 for a rate of heating of
0.2 °C.min™". Under these conditions there is no hysteresis between the heating and
cooling profiles, but the triplex melting profile is different for the various duplexes.
The triplex formed with interl melts at the lowest temperature, followed in turn by 3’-
ATATAT, 3’-GCGCGC and intral. The 7, values for these and the other duplexes
are summarised in Table 1. These data show that increasing the length of the duplex
increases the triplex melting temperature and that GC tails produce more stable
complexes than AT tails. There is no significant difference between 5’-ATATAT and
3’-ATATAT or between 3’-GCGCGC and 5’-GCGCGC. The most stable complexes
are formed with the duplex that contains 6 GC pairs at both ends and the
intramolecular duplex intral.

When these experiments were repeated at pH 5.8, producing less stable
triplexes as a result of the pH dependence of the C".GC triplets, there was little
difference between the various triplex to duplex melting transitions (Fig. 2b, Table 1).
The effect of duplex stability on triplex melting therefore appears to be greatest under
conditions that generate triplexes that are more stable; this is exaggerated when using
third strands that contain stabilising analogues (see below). In each of these profiles
(as well as those shown in Fig.2a) a decrease in fluoresence is often evident at higher
temperatures subsequent to the triplex melting. This has been noted in our previous
studies [20] and corresponds to melting of the underlying duplex, caused by

unstacking of the fluorescein. The apparent melting temperatures of the duplexes



alone are summarised in Supplementary material Table S1 and confirm that the
addition of the tails stabilises the duplex and that GC is more effective than AT.
When these triplexes were heated and cooled at faster rates there was
hysteresis between the melting and annealing profiles, as previously observed [23,30],
indicating that one or more steps in the association or dissociation pathways are slow
and that the system is not at thermodynamic equilibrium. Representative melting and
annealing curves at a fast rate of temperature change (12 °C.min™") are shown in Fig.
3, for the duplex targets interl and intral. It can be seen that at pH 5.0 (Fig. 3a) there
is considerable hysteresis (12.7 °C) with inter1, but very little with intral (1.4 °C).
The differences are much smaller at pH 5.8 (Fig. 3b). The 7,, values for these and the
other target duplexes, determined at heating rates of 12 °C.min"', are presented in
Table 1 alongside those determined at 0.1 min™', while the values determined at
intermediate rates of heating and cooling are presented in the Supplementary material
(Tables S2 and S3). At pH 5.0 the difference between the triplex 7,,s for heating and

cooling is greatest for the less stable duplexes.

3.2. Comparison of different nucleoside analogues on intermolecular and
intramolecular duplexes.

Triplex melting curves are commonly used to assess the stabilising effects of
nucleotide substitutions [16,19,23,30-35]. Such modifications can produce complexes
in which the triplex and duplex melts overlap, producing a single melting transition.
Under these circumstances it is possible that the apparent triplex stability is limited by
the stability of the underlying duplex. This is suggested by the experiments described
above, which demonstrates that as the triplex becomes more stable (by lowering the
pH), so the melting temperatures become more dependent on the nature of the
underlying duplex. We have therefore compared the melting transitions of triplexes
that contain modified oligonucleotides, formed on inter and intramolecular duplexes.
In order to increase further the stability of these complexes the
oligopurine.oligopyrimidine target site was extended to 18 base pairs, generating
triplexes with the 18-mer TFOs 2-7 (Fig. 1b). Each of these TFOs contains a single
nucleotide analogue in the centre that bears a positive charge on either the base (TFOs
3-5) or the base and the sugar (TFOs 6-7). The melting temperatures of these
complexes, determined at the slowest rate of temperature change, at three different

pHs, are presented in Table 2. Further values determined at faster rates of heating and



cooling are presented in the Supplementary material (Table S4). As previously noted,
each of these modifications increases triplex stability and the most stable complexes
are generated with BAU and BGU, which possess amino groups on the 2’- and 5-
positions. At pH 6.0 there is no significant difference between the 7,,s determined
with inter2 and intra2. When the pH is decreased to 5.5, although the unmodified
TFO?2 binds equally well to both duplexes, the most stabilising analogues show higher
T,,s with the intramolecular duplex. This effect is further exaggerated at pH 5.0; at this
pH the unmodified TFO shows a higher 7,, with intral than inter1 and this difference

is even greater for the modified TFOs.



4. Discussion

The results presented in this paper demonstrate that the apparent stability of a
triple helix can be affected by the length and sequence of the underlying duplex.
Duplexes with enhanced stability, produced by adding extra base pairs at either end or
by generating an intramolecular complex, generate higher triplex 7,.s, even though the
target site itself is unchanged. This effect is greatest at low pHs, at which the triplex is
more stable and melts at a temperature that is closer to the duplex 7. Under these
conditions of enhanced triplex stability the triplex to duplex and duplex to single
strand transitions can occur at similar temperatures. It is then possible that the
Watson-Crick duplex may melt before the third strand dissociates, leaving a
Hoogsteen paired duplex between the TFO and the duplex purine strand. This is likely
to be unstable, when removed from the context of the entire triplex, and so will also
dissociate. The melting transition of the third strand will therefore be limited by the
stability of the underlying duplex.

The limiting effect of duplex stability on triplex formation is especially
important when comparing triplexes that have been generated with oligonucleotides
that contain stabilising nucleotide analogues. 7,, determination is one of the simplest
and most commonly used means for assessing improvements in triplex stability and
these experiments are usually performed with intermolecular duplexes that are often
no longer that the triplex target. Although this technique has successfully established
the stabilising effects of many such analogues, the results presented in this paper
suggest that these experiments may have underestimated the improvements in stability
of the best nucleotide analogues.

The observation that there is little hysteresis for third strand melting from the
most stable duplexes at low pH is at first sight puzzling. At pH 5.0, with a
temperature change of 12 °C.min™" there is a 12.6 °C difference between melting and
annealing with duplex interl, but only 1.4 °C for intral. In contrast there is little
difference in the hysteresis at these targets at pH 5.8. Hysteresis is caused by the slow
association or dissociation of the third strand, such that at fast rates of temperature
change, the reaction is not at thermodynamic equilibrium [25,36]. It is well known
that triplex formation is very slow (typically three orders of magnitude slower than
duplex formation) [36,37] and we would expect the fundamental rate constants for the
reaction to be independent of the stability of the target. Our observations suggest that

the apparent association and/or dissociation reactions are faster for the intra- than the
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inter-molecular duplex at pH 5.0. The differences largely arise from changes in the
annealing (rather than the melting) temperature, which becomes much lower for the
less stable duplexes, suggesting that the differences are caused by changes in the
association reaction. A possible origin of this is the rate of end-fraying of double
stranded DNA caused by ingress of water. In all DNA duplexes the base pairs at or
near the termini open and close much more rapidly than do the internal base pairs.
This is especially true for AT base pairs. In contrast, the base pairs at the ends of
hairpin loops (particularly at the “closed” end) are less prone to fraying. It is likely
that the end fraying propagates well into the duplex, possibly as a wave of instability
as the temperature is raised in a UV melting experiment. This will make the duplex an
unstable, or structurally incorrect scaffold for attachment of a third strand, thus
slowing the rate of triplex association. It is also possible that the Hoogsteen duplexes
that are formed with the oligonucleotides containing stabilising analogues may be as
stable as the normal Watson-Crick duplex target. However these parallel structures
should be less stable than the entire triplex as they lack the stacking interactions with
the duplex pyrimidine strand. Hairpin loop or cyclic duplexes will therefore be better

model systems for studying triplex formation in genomic DNA.
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Legends to Figures
Fig. 1. A) Sequences of the triplex forming oligonucleotides TFO1-7 and the various
duplexes used in this work. H = hexaethyelene glycol; U = FAM-dU. B) Structures of

the nucleotides analogues used for TFOs 2-7.

Fig. 2. Representative melting curves for the interaction of TFO1 with the
intermolecular duplexes interl, 3’-ATATAT, 3’-GCGCGC and intral. In each case
the concentration of the third strand was 3 uM and the duplex concentration was 0.25
UM. The rate of hearing was 0.2 °C. min™.The experiments were performed in 50 mM
sodium acetate containing 200 mM NaCl pH 5.0 or 5.8. Dotted line, interl; long
dashes, 3’-ATATAT; short dashes 3’-GCGCGC; solid line, intral. The inset shows

the first derivatives of the melting profiles, for which the peak corresponds to the Tm.

Fig. 3. Representative melting curves for TFO1 with duplexes interl and intral,
performed at a fast rate of temperature change (12 °C.min™). In each case the
concentration of the third strand was 3 uM and the duplex concentration was 0.25
uM. The experiments were performed in 50 mM sodium acetate containing 200 mM
NaCl pH 5.0 or 5.8. inter 1: anneal (open triangles), melt (filled triangles); intral:
anneal (open circles), melt (filled circles). In A) for interl the arrows indicate the

direction of heating or cooling.
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Fluorescence (arbitrary units)

Table 1

T

80 90

pH 5.0

Y

100

Temperature (°C)

T,, values (°C) for the interaction of TFO1 with the different duplexes, determined at a

rate of heating of 0.2 °C.min™" and 12 °C.min"". Values for annealing are shown in
parenthesis. The reactions were performed in 50 mM sodium acetate containing 200
mM NaCl. The concentration of each fluorescently-labelled strand was 0.25 uM
(duplex or TFO), while the concentration of quencher-labelled strand was 3 uM.

T °C
0.2 °C.min’! 12 °C.min"'

Target duplex pH 5.0 pH 5.8 pH 5.0 pH 5.8
Interl 55.7(55.6) | 41.6 (41.5) | 62.8 (50.1) | 43.9 (40.5)
Intral 65.9 (66.2) | 42.5(42.6) | 66.9 (65.5) | 45.1 (41.3)
3’-ATATAT 59.3(59.6) | 42.5(42.6) | 64.7 (55.5) | 44.8 (41.3)
5-ATATAT 58.6 (58.4) | 43.3(43.4) | 65.3(52.6) | 46.0 (42.5)
3’-GCGCGC 64.0 (64.2) | 41.9(41.6) | 65.1(63.8) | 43.9 (41.1)
5'-GCGCGC 63.5(64.0) | 43.3(43.3) | 66.0(63.7) | 46.2 (42.2)
3'&5-GCGCGC | 67.4(67.6) | 42.2(42.4) | 68.5(67.3) | 45.6(42.3)
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Table 2

T,, values (°C) for the interaction of TFOs 2-7 with the duplexes inter2 and intra2,

determined at a rate of heating and cooling of 0.2 °C.min"". The values for annealing

are shown in parentheses. The reactions were performed in 50 mM sodium acetate

containing 200 mM NaCl, at pH 5.0, 5.5 or 6.0. The concentration of the

fluorescently-labelled duplexes was 0.25 pM, while the TFO concentration was 3 pM.

T (°C)
pH 5.0 pH 5.5 pH 6.0
Intra Inter Intra Inter Intra Inter
TFO2
™ 65.1 (65.3) | 61.0(61.2) | 51.2(51.3) | 51.4(51.5) | 39.4(39.2) | 39.8 (39.6)
TFO3 67.0 (67.3) | 62.4(62.2) | 53.8(53.7) | 53.2(53.4) | 41.3(41.5) | 41.8 (41.9)
(DMAPAU) . . . . . . . . . . . .
TFO4 69.3 (69.2) | 63.5(62.9) | 56.1 (56.3) | 55.3(55.6) | 43.7 (43.9) | 44.0 (44.1)
(APAU) . . . . ¢ . . . . . . .
TFO> 70.7 (70.9) | 64.4 (63.7) | 57.4 (57.5) | 56.5 (56.8) | 45.2 (45.4) | 45.1 (45.3)
(GPAU) . . . . . . . . . . . .
TFO6
73.5(73.5) | 66.6(63.3) | 61.6 (61.7) | 59.3(59.2) | 48.1 (48.3) | 48.4 (48.6)
(BAU)
TFO7
73.3(73.4) | 67.6 (63.6) | 60.6 (60.7) | 58.8 (58.7) | 48.1 (48.0) | 48.4 (48.3)
(BGU)
SUPPLEMENTARY
Table S1

T,, values (°C) for each of the target duplexes, estimated from the temperature-
dependent change in fluorescence. The reactions were performed in 50 mM sodium
acetate containing 200 mM NacCl at pH 5.0 or 5.8. The concentration of each
fluorescently-labelled duplex was 0.25 uM.

Duplexes pH 5.0 pH 5.8

interl 46.7 50.0

intra 75.1 77.3
3"-ATATAT 54.9 57.2
5-ATATAT 51.1 53.0
3'-GCGCGC 69.4 71.7
5"-GCGCGC 66.2 68.8
3'&5’-GCGCGC 76.2 78.7

Table S2
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T,, values (°C) for the interaction of TFO1 with the different duplexes, determined at
various rates of heating and cooling. The values for annealing are shown in
parentheses. The reactions were performed in 50 mM sodium acetate pH 5.0
containing 200 mM NaCl. The concentration of each fluorescently-labelled strand was
0.25 uM (duplex or TFO), while the concentration of quencher-labelled strand was 3

uM.
T °C

Target duplex 12 °C.min" 6 °C.min"' 3 °C.min"! 1 °C.min" | 0.2 °C.min"!
inter 62.8 (50.1) | 61.8(522) | 59.1(542) | 57.1(56.3) | 55.7(55.6)
intra 66.9 (655) | 66.6(66.1) | 663(668) | 66.9(66.8) | 65.9(662)
3_ATATAT | 64.7(55.5) | 63.1(57.3) | 60.6(59.3) | 59.7(59.7) | 59.3(59.6)
5_ATATAT | 653(52.6) | 64.0(55.2) | 61.4(56.9) | 59.8(58.9) | 58.6(58.4)
3-GCGCGC | 65.1(63.8) | 65.3(64.4) | 64.5(649) | 64.3(64.6) | 64.0(642)
5-GCGCGC | 66.0(63.7) | 65.9 (64.8) | 64.6(65.1) | 64.3(64.4) | 63.5 (64.0)
3'&5-GCGCGC | 68.5(67.3) | 68.1(66.7) | 67.7(683) | 67.5(67.1) | 67.4(67.6)

Table S3

T,, values (°C) for the interaction of TFO1 with the different duplexes, determined at
various rates of heating and cooling. The values for annealing are shown in
parentheses. The reactions were performed in 50 mM sodium acetate pH 5.8

containing 200 mM NaCl. The concentration of each fluorescently-labelled duplex

was 0.25 uM, while the TFO concentration was 3 pM.

T (°C)

12 °C.min’! 6 °C.min’! 3 °C.min’! 1 °C.min’! 0.2 °C.min"

inter] 43.9(40.5) | 43.5(40.6) | 42.4(42.0) | 41.6(41.8) | 41.6(41.5)

intra 451 (41.3) | 443 (42.0) | 43.1(432) | 425(43.1) | 42.5 (42.6)
3_ATATAT | 44.8(413) | 44.1(41.8) | 43.0(43.1) | 42.6 (42.9) | 42.5(42.6)
S_ATATAT | 46.0(42.5) | 45.2(43.8) | 44.2(44.0) | 43.5(43.9) | 433 (43.4)
3-GCGCGC | 439 (41.1) | 43.2(41.0) | 43.1 (42.0) | 42.0(42.1) | 41.9(41.6)
5_.GCGCGC | 462(422) | 45.1(43.0) | 43.5(42.9) | 43.5(43.8) | 43.3 (43.3)
3°&5-GCGCGC | 45.6 (42.3) | 44.6 (42.3) | 432 (42.8) | 42.5(42.8) | 42.2(42.4)
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Table S4

T,, values (°C) for the interaction of TFOs 2-7 with the duplexes inter2 and intra2,

determined at various rates of heating and cooling. The values for annealing are
shown in parentheses. The reactions were performed in 50 mM sodium acetate

containing 200 mM NaCl, at pH 5.0, 5.5 or 6.0. The concentration the fluorescently-
labelled duplexes was 0.25 uM, while the TFO concentration was 3 uM.

T (°C)
0.2 °C.min! 1 °C.min"' 6 °C.min"'
pH 5.0 Intra Inter Intra Inter Intra Inter
T 65.1 (65.3) | 61.0 (61.2) | 64.8 (65.2) | 61.9 (60.7) | 66.5 (63.8) | 65.6 (56.9)
DMAPAU | 67.0 (67.3) | 62.4 (62.2) | 67.3 (67.4) | 63.5 (61.5) | 68.7 (65.9) | 67.6 (57.4)
APdU 69.3 (69.2) | 63.5(62.9) | 69.3 (69.6) | 65.0 (62.4) | 70.4 (68.4) | 69.0 (58.2)
GPdU 70.7 (70.9) | 64.4 (63.7) | 70.8 (71.1) | 66.1 (62.7) | 72.0 (70.0) | 70.1 (58.8)
BAU 73.5(73.5) | 66.6 (63.3) | 73.0 (73.6) | 68.9 (62.1) | 74.5 (72.0) | 73.4 (57.8)
BGU 73.3(73.4) | 67.6 (63.6) | 73.4 (73.6) | 70.4 (61.9) | 75.7 (71.4) | 74.5 (57.1)
pH 5.5
T 51.2(51.3) | 51.4(51.5) | 52.3(51.4) | 52.4 (51.4) | 55.3 (48.6) | 55.1 (48.7)
DMAPAU | 53.8 (53.7) | 53.2 (53.4) | 54.4 (54.5) | 54.1 (53.8) | 57.4 (52.7) | 56.7 (51.2)
APdU 56.1 (56.3) | 55.3 (55.6) | 56.6 (56.9) | 55.8 (55.9) | 59.2 (55.3) | 58.7 (53.7)
GPdU 57.4 (57.5) | 56.5 (56.8) | 58.1 (58.3) | 57.1 (56.8) | 60.4 (56.4) | 59.7 (54.4)
BAU 61.6 (61.7) [ 59.3 (59.2) | 62.2 (62.5) | 60.2 (59.2) | 63.8 (61.2) | 63.5 (55.6)
BGU 60.6 (60.7) | 58.8 (58.7) | 61.5 (61.1) | 60.2 (58.1) | 64.3 (57.8) | 63.7 (54.1)
pH 6.0
T 39.4 (39.2) | 39.8(39.6) | 40.8 (39.1) | 41.0 (39.5) | 44.6 (<35) | 44.7 (<35)
DMAPAU | 41.3 (41.5) | 41.8(41.9) | 42.5(41.3) | 42.8 (41.9) | 46.1 (37.3) | 46.3 (38.7)
APdU 43.7(43.9) | 44.0 (44.1) | 44.7 (43.8) | 45.0 (44.1) | 47.8 (40.5) | 48.2 (41.1)
GPdU 45.2 (45.4) | 45.1 (45.3) | 45.8 (45.5) | 46.0 (45.5) | 49.3 (42.6) | 49.1 (42.6)
BAU 48.1 (48.3) | 48.4 (48.6) | 49.2 (47.8) | 49.5 (48.1) | 52.6 (44.3) | 53.0 (45.3)
BGU 48.1(48.0) | 48.4 (48.3) | 49.3 (47.6) | 49.6 (47.9) | 53.5 (42.1) | 53.5 (42.9)
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