This article was downloaded by:

On: 26 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Nucleosides, Nucleotides and Nucleic Acids

MICIEOS.idES} Publication details, including instructions for authors and subscription information:
Niucleotides http://www.informaworld.com/smpp/title~content=t713597286

Drastic Difference in G:A Base Pairing Between Two Consecutive G:A
Mismatches and a Single G:A Mismatch in DNA

Masato Katahira®; Mayumi Kanagawa?®; Seiichi Uesugi®
2 Department of Bioengineering, Faculty of Engineering, Yokohama National University, Yokohama,
Japan

s Ecbiow
JOHN A STYETI

WOLLUME 24 MNUMBER 4 i)

To cite this Article Katahira, Masato , Kanagawa, Mayumi and Uesugi, Seiichi(1994) Drastic Difference in G:A Base
Pairing Between Two Consecutive G:A Mismatches and a Single G:A Mismatch in DNA', Nucleosides, Nucleotides and
Nucleic Acids, 13: 6, 1507 — 1515

To link to this Article: DOI: 10.1080/15257779408012167
URL: http://dx.doi.org/10.1080/15257779408012167

PLEASE SCROLL DOWN FOR ARTICLE

Full terns and conditions of use: http://wwinformworld.conlterns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713597286
http://dx.doi.org/10.1080/15257779408012167
http://www.informaworld.com/terms-and-conditions-of-access.pdf

18: 01 26 January 2011

Downl oaded At:

NUCLEOSIDES & NUCLEOTIDES, 13(6&7), 1507-1515 (1994)

DRASTIC DIFFERENCE IN G:A BASE PAIRING
BETWEEN TWO CONSECUTIVE G:A MISMATCHES AND A SINGLE G:A MISMATCH IN DNA¥

Masato Katahira, Mayumi Kanagawa, and Seiichi Uesugi®
Department of Bioengineering, Faculty of Engineering,
Yokohama National University, Tokiwadai 156, Hodogaya-ku,
Yokohama 240, Japan

ABSTRACT: Our previous study has demonstrated that "sheared" G:A base
pairs are formed for two consecutive G:A mismatches of
d{GGACGACATC) : d(GATGGAGTCC) [Katahira et al. (1993) Nucleic Acids Res.,
21, 5418-5424). We report NMR studies of d{(GGACGCATC):d(GATGAGTCC)
where the central two consecutive G:A mismatches are replaced by a
single G:A mismatch. A drastic change was found on the mode of the G:A
base pairing. Another kind of G:A base pairing, presumably a "head to
head” G:A base pair, is formed in the single G:A mismatch. Additionally,
asymmetric thermal stabilities of the base pairs along the duplex were
observed.

INTRODUCTION

G:A mismatch base pairing is drawing great attention because the
formation of G:A base pairs is suggested in some ribozymes and the
structure derived from this base pair could play a crucial role in their
enzymatic activities.l'2 In DNA, several different types of G:A base
pairs have been observed: "Head to head"” G(anti):A(anti),3'6
G(anti):A(syn),” G(§zg):A(gg§i),6'8 and "sheared" G(gg&i):A(ggEi)1'9"13

base pairs.

Qur previous study by NMR13 has demonstrated that sheared G:A base
pairs are formed 1in both d(GGACGAGTCC)z (duplex 1) and
d (GGACGACATC) : d (GATGGAGTCC) (duplex 2), the base sequences of which are
modeled after a hammerhead ribozyme and a small metalloribozyme.l‘4'15

Base sequence dependency of G:A base pairing has been discussed, and it

# This paper 1is dedicated to Dr. Morio Ikehara on the occasion of his
70th birthday.
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has been concluded that the preferable sequence for the formation of the
sheared base pairs is a PyGA sequence.13
It has been suggested that the interstrand stacking interaction in
the GA:GA segment stabilizes the sheared G:A base pairs. Here we have
studied G:A base pairing of a DNA duplex, where the central two consecu-
tive G:A mismatches are replaced by a single G:A mismatch: d(GGACG-
CATC) : d(GATGAGTCC) (duplex 3). It was found that a drastic change of G:A
base pairing is caused by this replacement. In duplex 3, the sheared G:A
base pair 1is not formed. Another kind of G:A base pairing, presumably
the "head to head” G:A base pair, is formed. Additionally, asymmetric
thermal stabilities of base pairs along the duplex is found.
The numbering for the residues of duplex 3 is as follows.
1 2 3 4 5 6 7 8 9
G 6G A CG CATC Scheme I
C ¢C T G A G T A G
18 17 16 15 14 13 12 11 10

MATERIALS AND METHODS

The oligomers for duplex 3 were synthesized with a DNA synthesizer
(Applied Biosystems Co.), and purified as described previously.16 For
the NMR measurement of non-exchangeable protons, a lyophilized sample
was dissolved in 20 mM phosphate buffer (pH 6.0-7.0) containing 0.15 M
NaCl. The solution was lyophilized again and then dissolved in 0.4 ml of
D50 (99.96%). The duplex concentration was 2 mM. For measurement of ex-
changeable proton spectra, a HZO:DZO mixture (19:1) was substituted for
D5;0. DSS was used as an internal chemical shift reference.

NMR spectra were all recorded at 285-305 K with a Bruker AM-400 NMR
spectrometer. Phase-sensitive NOESY17 and HOHAHALS spectra were recorded
by the time-proportional phase-increment method.19 The mixing times for
NOESY were 80, 100, 200 and 300 ms, and mixing time for HOHAHA was 40
ms. The repetition delay was 2.0 s. Two-dimensional spectra were record-
ed with 450 ty increment; 160 free induction decays of 2 K data points
per increment were collected. The t and ty data were apodized with a
7 /3-shifted sine-bell function. The t, data were zero-filled to 1 K
points. Onc-dimensional spectra in 50 were accumulated with a 1-1

pulses sequence,zo

16

and NOE difference spectra were obtained as described

previously with irradiation times of 100 and 300 ms.
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RESULTS

FIG. 1 shows the one-dimensional Ty wwR spectrum of duplex 3 in I,0
(pll 6.5) at 285 K. The resonances of imino protons have been assigned
sequentially by the use of NOE experiments, as described

previously.16’21

It is notable that no imino proton resonance is ob-
served in the region around 10 ppm, while the two imino proton reso-
nances of the G residues involved in the sheared G:A base pairs have
been observed at 9.89 ppm and 10.19 ppm in the case of duplex 2.13

The resonances of non-exchangeable protons of duplex 3 have been
assigned sequeniially by analysis of two-dimensional NOESY and HOHAHA
spectra in D50 in the same way as reported for other DNA

13,16,21-23 using previously established methods.24_30 As an

duplexes,
example, TF1G. 2 shows an expansion of the NOESY spectrum, indicating the
sequential assignments of H1' and H6/H8 through the H1'(i-1)-H6/H8(1)-
H1' (i) connectivities. In the same way, H[2', H2", H3' and H4' were
assigned; the assignments were all self-consistent and confirmed by
HOHANA spectra (data not shown). The assignments are summarized in TABLE
1.

It should be noted that the H8(1)-H1'(i) NOEs for G5 and Al4 are
much weaker than the CH5(j)-CH6(i) NOEs, indicating that the both resi-
dues take on anti conformations. Another point is no remarkable inter-
strand NOE cross peak is observed in FIG.2. This will be discussed

later.

DISCUSSIONS

Difference in G:A base pairing between duplex 2 and duplex 3; the effect
of the replacement of two consecutive G:A mismatches by a single G:A
mismatch.

Four different types of base pairing have been observed for G:A
mismatches in both the crystal and solution states; (a) "head to head”
G(anti):A(anti), (b) G(anti):A(syn), (c) G(syn):A(anti), and (d)
"sheared" or "side by side" G(anti):A(anti). In the syn conformation the
H8(i)-H1'"(i) distance is ~2.6 X, which is comparable to the CH5(i)-
CH6(1) distance (2.46 A), while in the anti’ conformation this distance
is ~3.8 K, which is greater than the CH5(i)-CH6(1) distance.3l The
H8(i)-H1' (i) NOEs for G5 and Al4 are much weaker than the CH5(1i)-CH6(i)
NOEs (FIG. 2). The NOESY spectrum shown in FIG. 2 is recorded with a
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FIG. 1. 'H NMR spectrum of the duplex 3 at 285 K (pH 6.5) with the
assignments of the imino proton signals indicated by the residue num-
bers. For the G5 assignment, see the text.

FIG. 2. Expansion of the NOESY spectrum of duplex 3 obtained with a
mixing time of 300 ms in D,0 solution at 293 K (pH 7.0). The lines show
the H1'(i-1)-16/H8(i)~H1'(i) connectivities. The intraresidue cross
pecaks are labeled.
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TABLE 1. 10l chemical shifts for duplex 3 at 293 K (pH 7.0).2

RESIDUE 1i6/H8 ii2/H5/Cllq H1' H2" 12" H3' H4' IMINO/AMINO

G1 7.80 5.62 2.48 2.67 4.80 4.19

62 7.81 5.48 2.68 2.77 4.99 4.32  12.83
A3 8.19  7.83 6.21 2.68 2.88 5.04 4.46

4 7.15 5.24 5.47 1.58 2.03 4.77 4.01 6.61 8.03
G5 7.95 5.98 2.78 2.78 4.98 4.38  12.83P
6 7.23  5.36 5.58 1.82 2.31 4.77 4.15

AT 8.35  7.60 6.24 2.72 2.92 5.00 4.44

T8 7.09  1.42 5.88 1.90 2.39 4.77 4.08  13.63
C9 7.38  5.28 6.13 2.27 2.27 4.53 3.93

10 7.88 5.65 2.56 2.75 4.87 4.22

ALl 8.28  7.83 6.25 2.76 2.94 5.03 4.44

T12 7.07  1.33  5.66 2.27 1.89 4.81 4.12  13.45
G13 7.72 5.19 2.45 2.59 4.93 4.22  12.52
Al4 8.12 7.76 6.00 2.86 2.86 5.03 4.38

615 7.57 5.80 2.48 2.68 4.89 4.37  12.77
116 7.22  1.29 5.99 2.12 2.48 4.82 4.18  13.69
C17 7.49  5.62 5.96 2.18 2.47 4.78 4.11 6.94 8.47
c18 7.47  5.42  6.12 2.27 2.27 4.53 3.93

2 At 285 K (pH 6.5} for imino protons.
> See the text for detail.

relatively long mixing time of 300 ms in order to help the assignment
procedure. The intensities of cross peaks in FIG 2 might not reflect the
corresponding distances due to a spin diffusion effect caused by the
long mixing time. Therefore the NOESY spectrum with the short mixing
time of 80 ms was examined, and it was confirmed that H8-H1' NOEs for G5
and Al4 are definitely much weaker than the CH5-CH6 NOEs (data not
shown). In fact, the H8-H1' distances calculated on the basis of the
intensities of the cross peaks in the NOESY spectrum with the mixing
time of 80 ms by using geometrically fixed CH5-CH6 distance as the
internal reference distance are 3.7 A for both G5 and Al4. Thus (b) and
(c) are excluded as the G:A base pair of duplex 3.

Our previous study has demonstrated that sheared G:A base pairs are
formed in duplex 2.13 Because of the "side by side" arrangement of G and
A bases, characteristic interstrand NOEs have been observed in the
central G:A mismatches. These NOE cross peaks have appeared in the same

area as FIG. 2. However, these interstrand NOEs are not observed in



18: 01 26 January 2011

Downl oaded At:

1512 KATAHIRA, KANAGAWA, AND UESUGI

duplex 3. Thus (d) is excluded as the G:A base pair of duplex 3. In the
case of duplex 2, the imino proton resonances of G of the G:A mismatches
have appeared in the high field region, 9.89 ppm and 10.19 ppm, which
has indicated that the imino protons of G are not involved in the hydro-
gen bonding. Appearance of the imino proton resonances in the high field
region is another characteristic feature of (d), where an amino proton
instead of an imino proton of G is involved in the hydrogen bonding.
Disappearance of resonances in the high field region (FIG. 1) supports
the idea that (d) can be excluded for duplex 3. Thus (a) remained an
only possible G:A base pair which is consistent with the experimental
data.

The only difference of the base sequences between duplex 2 and
duplex 3 is the replacement of two consecutive G:A mismatches in duplex
2 by a single G:A mismatch in duplex 3. This difference gives a drastic
change in base pairing. The sheared G:A base pairing in duplex 2 is
destroyed by the replacement, and another kind of G:A base pairing,
presumably the "head to head" G:A base pair, is formed. This drastic
change can be rationalized. It has been proposed that the sheared G:A
base pairs in the GA:GA segment are stabilized by the interstrand stack-
ing interaction. 1 9,10,13 pocayse of the "side by side" arrangement of
the G and A bases in the GA:GA segment, one G stacks over the other G in
the opposite strand and one A stacks over the other A in the opposite
strand at the cost of ordinary intrastrand stacking between G and A.
This is a key factor for the stabilization of the sheared G:A base
pairing. When there is only one G:A mismatch, this interstrand stacking
is impossible even if the sheared base pair is formed for the single G:A
mismatch. The key factor for the formation of the sheared base pairing
is lost in duplex 3. Therefore drastic change of base pairing is inevi-
table upon the replacement of two consecutive G:A mismatches by a
single G:A mismatch.

Observation of the complete H1'(i-1)-H6/H8{(i)-l1'(i) (FIG. 2) and
H2" /H2" (1-1)-H6/HB8(i)-H2"'/HI2" (i) (data not shown) connectivities along
the duplex indicates that a "bulged-out" structure is not likely for the
G:A mismatch in duplex 3. Although the "head to head" base pairing
seems to be only possible base pairing of duplex 3, it is hard to iden-
tify base pairing unambiguously due to the thermally unstable charac-

ter of duplex 3. The imino proton resonances shown in FIG. 1 have been
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assigned on the basis of sequential NOEs except for G5. Judging from
peak intensities in FIG. 1, it is apparent that another resonance is
overlapping on G2 resonance. This overlapping resonance is tentatively
assigned to G5. The resonance position, 12.83 ppm, is similar to those
observed for the imino proton resonances in the "head to head" G:A base
pairs.3’5'11 The overlapping resonance is thermally unstable. When the
temperature is raised, this resonance disappears first due to the proton
exchange with water. The unstable character of the resonance makes it
difficult to observe the NOEs involving this resonance, which hinders
the decisive assignment of this resonance and unambiguous identification
of the base pairing.

In spite of this ambiguity, it is still clearly demonstrated that
the replacement of two consecutive G:A base pairs by a single G:A base
pair causes the drastic change of G:A base pairing from the sheared base
pairing to another base pairing. It is very interesting that the confor-
mation of the G:A mismatch is highly sequence dependent.

Asymmetric thermal stabilities of base pairs in duplex 3.

Unexpected feature of duplex 3 is found on the thermal stability of
each base pair in the duplex. The stability of each base pair was exam-
ined by monitoring disappearance of imino proton resonances on raising
the temperature. The stabilities of base pairs decrease in the following
order: 15G, 16T > 2G > 12T, 13G > 5G, 8T. This result indicates that
the base pairs of the left segment of duplex 3 in Scheme I (G1-C4:G15-
C18) are more stable than those of the right segment (G5-C9:G10-Al4).
Thus the thermal stability is asymmetric in duplex 3. Usually the sta-
bility of a base pair depends on the distance from the termini of the
duplex. An inner base pair is more stable than an outer base pair. Thus
the stability is almost symmetric even in a non-self-complementary
sequence. In fact the nearly symmetric stabilities of the base pairs are
observed in the case of duplex 2 (unpublished results). What is observed
for duplex 3 is rather excepticnal. It is supposed that the unstable
central G:A base pair in duplex 3 causes the asymmetric thermal stabili-

ties of the base pairs.
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