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Abstract

DNA oligonucleotides with appropriately designed complementary sequences can form a
duplex in which the two strands are paired in a parallel orientation and not in the conven-
tional antiparallel double helix of B-DNA. All parallel stranded (ps) molecules reported to
date have consisted exclusively of dA - dT base pairs. We have substituted four dA - dT base
pairs of a 25-nt parallel stranded linear duplex (ps-D1 - D2) with dG - dC base pairs. The two
strands still adopt a duplex structure with the characteristic spectroscopic properties of the ps
conformation but with a reduced thermodynamic stability. Thus, the melting temperature of
the ps duplex with four dG - dC base pairs (ps-D5 - D6) is 10-16°C lower and the van't Hoff
enthalpy difference AH  for the helix-coil transition is reduced by 20% (in NaCl) and 10% (in
MgCl,) compared to that of ps-D1 - D2. Based on energy minimizations of a ps-[d(TsGAs) -

d(AsCTs5)] duplex using force field calculations we propose a model for the conformation of a
trans dG - dC base pair in a ps helix.

Introduction

Pairs of deoxyoligonucleotides consisting of dA and dT sequences designed to be
complementary only if the strands are oriented with the same polarity hybridize
spontaneously into stable double-helical structures (1-6). Distinctive structural
features of parallel stranded DNA (ps-DNA) derived from model calculations are
reverse Watson-Crick base pairing with the glycosidic bonds in a trans orientation
and thelack of distinct major and minor grooves. Parallel stranded duplexes exhibit
spectroscopic, thermodynamic, and biochemical properties different from those of
conventional antiparallel B-DNA, and are remarkably stable (1-6). For example,
the enthalpy change associated with the helix-coil transition of ps-DNA is only 10-
20% less than that of B-DNA (5,6), in qualitative agreement with the force field
calculations of Pattabiraman who originally proposed the structure (7). All parallel
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stranded (ps) molecules reported to date have consisted exclusively of dA - dT base
pairs. The potential biological significance of this alternative helical structure,
however, depends upon its feasibility in the case of natural sequences containing
dG and dC as well. Therefore we have substituted four dA - dT base pairs of a
parallel stranded linear duplex with dG - dC base pairs and compared its properties
to that of the ps reference duplex consisting exclusively of dA - dT base pairs.

Materials and Methods
Oligonucleotide Synthesis and Characterization

The oligonucleotides were synthesized, purified, labelled with [32P], and hybridized
as described previously (4). The purity of the isolated end-labelled oligonucleotides
was established by electrophoresis under denaturing conditions (4). No con-
taminating faster or slower migrating species could be detected (data not shown).
Gel electrophoresis under native conditions was carried outin 14% polyacrylamide
(5% crosslinking), 90 mM Tr1s borate, pH 8.0, 2 mM MgCl, and at 20°C. The
nuclease susceptibilities of **P-end labelled DNAs were assessed accordingto Ref. 8
with Aspergillus oryzae S1 nuclease (Pharmacia) and Staphylococcus aureus (Mic-
rococcal) nuclease S7 (Sigma).

Spectroscopy

UV absorption measurements were made with a Uvikon 820 spectrophotometer
equipped with computer-controlled thermostated cuvette holders and data acquisition
(5)in0.4M NaCl and 10 mM Na-cacodylate, pH 7.1, unless otherwise indicated. The
molar extinction coefficient of the oligonucleotides D1, D2, D3 and D4 was taken to
be 8.6 mM (base)_1 cm ' at264 nmin the denatured state (70 C standard buffer + 0.1 M
NaCl; Figure 2B) (2.4). The corresponding extinction coefficients for D5 and for D6
inthe denatured state were estimated by combining the dA - dT value cited above for
D1-4 with the extinction coefficient for poly [d(G-C)] in the native (9) and denatured
(Ramsing & Jovin, in preparation) state, and the corresponding Value fordenatured
poly[dC] (10). We calculated an ,4, of 8.6 and 8.4 mmol base "em ™! for D5 and D6,
respectively, at 70°C. Circular dichroism (CD) spectra were acquired with a Jobin
Yvon Model V Dichrograph in 2 mM MgCl,, 10 mM Na-cacodylate, pH 7.1.

Model Force Field Calculations

Energy minimization was with the AMBER-PMF program (11) using 0.1 M NaCl as
the supporting electrolyte in conjunction with the INSIGHT (Biosym Tech.) molecular
modelling package and a PS390 Evans and Sutherland graphics workstation.
Results and Discussion

Design of Oligonucleotides

The set of 25-nt oligonucleotides D1, D2, D3 and D4 shown below were designed by
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acomputer aided search for complementary sequences capable of forming parallel
stranded (ps) helices with minimal interference from competitive antiparallel (aps)
secondary structures (4). The two ps-DNA duplexes, ps-D1 - D2, ps-D3 - D4,and the
aps-D1- D3 and aps-D2 - D4 references, were extensively characterized with respect
to spectroscopic and thermodynamic properties (4-6) and were also tested as sub-
strates for several DNA processing enzymes and chemical reagents (8). A com-
parison of the two combinations ps-D1 - D2 and ps-D3 - D4 with the corresponding
aps molecules revealed the same characteristic differences found previously with
other ps-DNA constructs (1-6).

In order to determine the influence of dG and dC residues on the properties of the
parallel stranded helix, we synthesized two other 25-nt oligonucleotides designated
as D5 and D6, in which four dA (D5) or four dT (D6) bases were replaced by dG and
dC, respectively. Synthesis and purification were according to Ref. 4. The following
combinations of the D1-D6 oligonucleotides were stable (see below):

Parallel stranded duplexes Antipanallel stranded duplexes
D1: 5'-AAAAAAAAAATAATTTTAAATATTT-3' D1: 5'-AARAAAAAAATAATTTTAAATATTT-3'
§'-TTTTTTTTTTATTARAATTTATARA-3' D2 3 -HTH%}%%-}A&}AAAA&%&A%AM 5* D3
D3: 5'-AAATATTTAAAATTATTTTTTTTTT-3"' D2: 5'-TTTTTTTTTTATTARAATTTATAAA-3"'
5'-TTTATAAATTITAATAAAAARARAA-1' D4 3~ AAAAAAAAAATAATTTTARATATIT-S' :Dd
DS: 5'-AAAAAGAAAGTAGTTTTAAGTATTT-3' D5: 5'-AAAAAGAAAGTAGTTTTAAGTATTT-3"
5 -TTTTTCTTTCATCAAAATICATARA-3" D6 3'-TTTTTTTITIATTAAAATTIATAAA-S' D3

Electrophoretic Properties

The generation and stability of the proposed duplex structures were assessed by gel
electrophoresis under native conditions (2 mM MgCl,, 20°C; Figure 1A). The only
duplexes formed in addition to those described previously [ps-D1 - D2, ps-D3 - D4,
aps-D1 - D3, aps-D2 - D4 (4,5)] corresponded to the combination D5+ D6 (designated
ps-D5 - D6) that has a sequence with four dG - dC base pairs and complementarity
in a parallel orientation, and D5+ D3 (antiparallel with four dG - dT mismatches).
The other potential ps combinations involved either opposingdG and dT (D5+D2)
or dA and dC (D1+D6) migrated in the position of single stranded species (with
D1+ D6 showing a slightly lower mobility).

Spectroscopic Properties

The ultraviolet absorption and circular dichroism spectra of the ps-D5 - D6 duplex
are indicative of a base-paired structure resembling that of ps duplexes consisting
only of dA - dT base pairs. Thus, both ps-D5 - D6 and ps-D1 - D2 show a characteristic
blue shift in the native UV spectra relative to aps-D1 - D3 (Figure 2A), a feature par-
ticularly evidentin the difference spectra (Figure 2B) and attributable to the dA - dT
part of the sequence. Upon denaturation, the spectra (Figure 2B) demonstrate only
the differences expected from the base composition. In Figure 2C the specific
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dG - dC contribution in ps-D5- D6 was calculated by subtracting the fractional
dA - dT absorbance estimated from the spectra of ps-D1 - D2.In the denatured state,
the specific dG - dC absorbance is similar to that of poly[d(G-C)] and to the estimated
dG - dC contribution of poly d[(A-C) - d(G-T)]. In the native state, however, the
calculated dG - dC spectrum of ps-D5 - D6 exhibits a higher absorbance, a general
broadening, and a red shift of the peak compared to the reference DNAs. [As noted
in the legend to Figure 2C, perturbations of the adjoining dA - dT base pairs may
also contribute.]

The CD spectrum of ps-D5 - D6 compared to thatofthe aps-D1 - D3 reference in the
native state (Figure 2D) shows the same features observed with ps-D1 - D2 above
265 nm (seen as a difference spectrum in Figure 2F) whereas at 250 nm the dichroism is
reduced. The spectra in the denatured state are nearly similar for all three com-
binations (Figure 2E) showing only slight deviations attributable to the different
base composition.

Helix-Coil Transition

Salt-dependent thermal transitions of various duplexes were monitored by the
increase of UV absorption upon melting and represented as three-dimensional
plots (Figure 3A-E). The absorbances at each temperature T"and wavelength were
normalized to the values at the initial (low) temperature T, in order to reveal the
characteristic differences between the ps and aps conformation (2,4,5,6). The com-
bination ps-D5 - D6 in MgCl, or NaCl displays the same distinctive hyperchromicity
pattern found with ps-D1 - D2, ps-D3 - D4 and other ps DNAs (2.4,5,6). The melting
temperature 7., of ps-D5-D6 is 10-16°C lower than that of the corresponding
duplex ps-D1- D2 composed only of dA - dT base pairs and has the same salt
dependence as the reference DNAs (Figure 3F, Table I). The van't Hoff enthalpy dif-
ference AH 4 for the helix-coil transition of ps-D5 - D6 is reduced by 20% (in NaCl)
and 10% (in MgCl,) compared to that of ps-D1 - D2, although it is greater than the
value determined for a 21-nt ps duplex consisting exclusively of dA - dT base pairs
(2,5,6). We calculated the mean dG - dC contribution per mole of nearest neighbors
(N.N.) of ps-D5 - D6, Ah ;. 4c- by assuming that the substitution of the 4 dG - dC
base pairsoutof25leadstoachangein 8 N.N.interactions. The resulting expression
(Ahyg.ac = [AH ps.pe — 16/24 - AH |, 1, . 1p,]/8) yields 8 kJ - mol ' in NaCl and 14
kJ-mol " in MgCl,, respectively, and can be compared to the mean values for the

Legend for Color Folio

Figure 4: Model of dG - dC base pair in ps[d(T;GA;) - d(A,CT)] optimized by force field calculations.
(A) Side-view of the central three base pairs; 5’ ends are at the bottom. (B) Cros-sectional view of the central
dG - dC (ball and stick) and underlying dA - dT (space filling) base pair. Color coding: sugars, white;
phosphates (including O3’ and OS5'), red; adenine, cyan; thymine, yellow; thymine methyl groups, tur-
quoise; guanine, blue; cytosine, green. The figure was generated by the SCHAKAL v86b program of Dr.
E. Keller, Univ. of Freiburg, FRG. The model was generated by extracting the 3’ terminal 11 residues
from an optimized 21-nt ps duplex (2) and refining the resultant 11-nt ps-[d(TA¢) - d(A;T,)] duplex as
well as the sequence in which the central dA - dT base pair was replaced by dG - dC.
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Figure 2: Ultraviolet absorption and circular dichroism spectra of ps and aps oligonucleotides. (A-C)
UV-spectra. (A) Native spectra at 10°C of ps-D5 - D6 (—), ps-D1- D2 (———) and aps-D1 - D3 (--). (B)
Difference spectra of [ps-D5 - D6 — aps-D1 - D3] at 10°C (—)and at 70°C (-----) and of [ps-D1 - D2 — aps-
D1 - D3] at10°C (———)and at 70°C (). (C) £* in the native state at 10°C (M) and in the denatured state
at70°C (0O).e* is the calculated extinction coefficient per nucleotide fora dG - dCbase pairin ps-D5 - D6,
including possible spectral changes (Ag,, . ) in the adjacent dA - dT residues compared to the equivalent
positions in the ps-D1 - D2 sequence. This quantity was estimated by assuming additivity of unit con-
tributions and negligible end effects, according to €% = g45.4c + 2884441 = 25/4 - (€5.ps. ps - 21/25 - €

p1.p2)- As references, the spectra of poly[d(G-C)] at 10°C () and at 70°C (— ——) in 0.2 mM Tris-HCl, 0.2
mM NaCl, 0.02 mM EDTA, pH 7.0, and the difference spectra 2 - poly[d(A-C) - d(G-T)] — aps-D1 - D3 at
10°C (-----) and at 70°C (—) in I mM Tris-HCl, | mM NaCl, 0.1 mM EDTA, pH 7.0, are shown. The ), of
poly[d(A-C) - d(G-T)] was 6.5 mM (base)~ 'em ™' at25°C (15). (D-F) Circular dichroism (CD) spectra. (D)
Native spectra at 10°C: ps-D5 - D6 (—), ps-D1 - D2 (———) and aps-D1 - D3 (). (E) Melted duplexes at
70°C, same symbols as before. (F) Difference spectra at 10°C: ps-D5 - D6 — aps-D1 - D3 (—), ps-D1- D2 —

aps-D1-D3 (———); at 70°C: ps-D5 - D6 — aps-D1 - D3 (-----), ps-D1 - D2 — aps-D1- D3 ().



1205

Parallel Stranded Linear DNA

‘G Joy 03 SuIpiodoe spuens AN 9’1 JO UOHBIIUDUO0D YN B 0} Pajdal
-100 pue a[joId Sunaw [pULIaY) Y3 JO A[K0 FuTLaY [ENIUT Y] WOIJ PAUTEIGO SIN[BA OUBQIOSQR ) WOIJ PAUTULIAP 31am sanfeA “ T *(G) a19YMmas[d paqLIosap
se pano[d pue ‘pazA[eue ‘pajdaII0d ‘parinboe a1om $313s B1RP Y | "S9[940 SuIj00d puk Suneay Y1oq 10j D 96-¢ 2SULI Y} UI S[BAIIUI {18 WU ()7E-(7g WOIJ Wi ¢
70 sda1s uT pap10931 219M BI1D3AS A ) Y | "UOISSAITI IIPIO PUOIIS B IR SAUT] PIJOS AY [ "UONEBIIUIdUOIJ[Bs Jo uondunj ese () ¢ - [d-sde pue ‘(@) zd - 1d-sd
(¥)9d - sg-sd Jo axmeradwa) SuneA (1) (91) ApMIs JaYJOUER JO S)[NSAI Y] YIIM JUIWIZE Ul ST [oW/[Y {7/ JO uonmnsqns 1p - Op 01 [ p - yp Iad a3ueyoay ]
‘Tow/ yy3o MHV B puB IOSNINW UL D 66730 “LESeYSA - £d-sdeay L (L1'91) 21mdnns ay3 jo uoneqinuad [ewiuiu s Xidy VN -4 24} ul pajepow
-woddk 2q ued (AUTWAY) JO 7O pue ¢NH Yim 2uruens Jo [NH pue 90 udamiaq Suipuoq uadorpAy 3uiajoaur) sired aseq 2jqqom Yong 'saydjewisiui J p - Hp
¥ ym xardnp [aqreredpue ue ‘sq - ¢d-sde (3) € - 1@-sde (@) TOEN N #0 U1 9d - $A-5d (D) 9a - sA-sd () 'Td - 1A-sd (V) pAIou asImId130 Jou J1 F[HFW

o

Ww g ut pue ‘177 gd *21e[Apooed-eN JNW (] UI Uaye) 21om endads [Ty -arnjeradwa) fenrur ayy st a1oym (

o

1)'v/(1)'V ‘ones adueqiosqe ay3 se passardxa

AiorwoaydsadAY (F-v) -einjeradwa) Sunjow jo souapuadap jjes pue sadrjay sde pue sd jo enoads uondiosqe 19[01ARIN PIAJOSAI-A[[RWIAY] :€ dInJ1g

- [wu] pSuaaaep o6z 0¢T ___ o
W),EN oz et S
ol 01 10 100 067 ey, 44°L
o RS JO\ O 18
(UL PSS S NN RNy SR e
. : RO L LS
It »
T ﬂmdﬁ.—um» Ay
o lve = SN
sassasd o gl NEEON
— = g5 CXSONK
57 o v € ; TR aﬂ e
L A NN %, s
' NS/ N e
Co wiasd e 5 ¢ 5 NSRS
= 280 Y N\N$% 5% S e e
PO VRS
€@e1a-sde N
09 10°€
I CLvILV
[wu] y13uajoaepy 0€T [wu] ySusjoaepy 0¢T
0S¢ SO [Do] 0ST - esuae D)
oLz e (A S oLt e smuBER i ENeR o
S ST O RS dwa] O UL L LY “duo,
T R e e TR M
RN Se RS utNRRusattgy Gl LT ST 2
- %—%«%ﬁ-«.—«wﬁ—%—ﬁk . f»..—._———w'..%u-—ﬁ_——
P ati%gtsstitnesseetV L L
' ativRge e e\
¢SS SITRRTSCONN
$ A 8
N R NN S RN
N OSBRSS 71\ T T R SRR
B Ty S, 0 % SRR S
VA S NS s OO : ARSI X
N AR A" 51 e o
NSNS S ] S
91 ¢s~ BRI 91 Y
X R NS ;
X et “4; ¢
K
N
CLVILV CLVIV

0l
'l
Tl
gl
¥l
Sl

9l

0l
Il
4
el
vl
Sl
9l

[wu] y3usfoaep

oLz SR
eesee i genalv,
R
SN AN <S S
R R RS
S N LSS PRTS S S

[wu] y1Suareaepy 0€C ___
——
SN
067 O e TR Y

T TS TS SIS R
R
i-zb"”ﬂtﬂfd Tesiesiustnitratt v

AN
RO R LT VTR
..Mo%.»m» T L oY

%

Y
(XORETIRS
&

Y

ORI o

...auwwwwvw~”..~.

T RSO
..~~ 'vaw X

Y
chh WSS

Y%

NI CLv/ILV




1206 Rippe et al.

Table I
Thermodynamic Parameters for Helix-Coil Transition or ps and aps Duplexes

Duplex Salt T, AH AS AG Ah As Ag
°C Kl-mol™' kKJ-mol”'K™' kJ-mol™" kKJ-mol™" J-mol”'K™" kI -mol™'
Total per N.N.°

ps-D5-D6  NaCl 157 372 1.17 24 16 49 1.0
MgCl, 253 451 1.39 37 19 58 1.5

ps-D1-D2  NaCl 29.0 459 1.40 42 19 58 1.7
MgCl, 357 507 1.52 53 21 63 22

aps-D1-D3  NaCl 46.4 670 1.97 80 28 82 33
MgCl, 50.8 736 2.15 94 31 90 39

Thermodynamic values for the helix-coil transition. The data from experiments under various ionic con-
ditions were compatible with an all-or-none two state model for the transition (5). The measurements
were made in 10 mM Na-cacodylate, pH 7.1, and 0.05-1.6 M NaCl (see also Figure 3F) or 0.12-8 mM
MgCl,. DNA concentrations are scaled to a total strand concentration of 1.6 uM (5). The listed values are
averages, the 95% confidence limits of which were < 5% of the means (see Refs. 4,5). The van't Hoff
enthalpy differences for the helix-coil transition were calculated from data in the range of 0.1-1 M NaCl
and 0.5-8 mM MgCl,. AS and AG were determined according to Refs. 5 and 6 and correspond to T, and
25°C, respectively.
T, in 0.1 M NaCl and 2 mM MgCl,, respectively; calculated from regression lines as in Figure 3F.

*Total values divided per nearest neighbor interactions (N.N.), n — 1 = 24.

entire molecule and for ps-D1 - D2 (Table I). We conclude that the dG - dC base pair
provides a positive enthalpic contribution to the helical stability of ps DNA that is
about half (0.4 in NaCl, 0.7 in MgCl,) of the dA - dT base pair. A complete ther-
modynamic analysis (4,5) yields the entropic and free energy terms for the helix-coil
transition (Table I). The T, of ps-D5 - D6 in 2 mM MgCl, and at a total strand con-
centration of 10 uM is 28°C; at 20°C, 95% of the DNA would be in the duplex
form.

Substrate Specificities

The ps-D5 - D6 duplex was tested as a substrate for the single strand specific S1 and
S7 nucleases (Figure 1b, 1¢) (8). The rate of degradation of ps-D5 - D6 was higher
than thatof ps-D3 - D4 (with only dA - dT base pairs) in the case of both enzymes. In
addition, preferred cutting sites appeared with S7 nuclease. These effects may derive
from the reduced thermodynamic stability of ps-D5 - D6 as well as from an altered
exposure of the sugar-phosphate backbone at the locus of the dG - dC base pairs.

Base Pairing and Model Structure

Base pairing between dG and dC in a helix with parallel orientation of the con-
stituentstrands leads to the loss of atleast one hydrogen bond compared to a normal
cis-Watson-Crick base pair unless compensatory tautomerizations occur. The dG - dC
base pair in a frans conformation, referred to here as a trans-Crick- Watson (trans-
CW) dG - dC base pair is found as the RNA equivalent in yeast tRNAP™ between
G15 (dihydrouridine loop) and C48 (variable loop) (12). It stabilizes the tertiary
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structure of the molecule by stacking and two hydrogen bonds between HN1 and
HN2 of guanine and O2 and N3 of cytosine in a segment with a parallel chain orien-
tation. The corresponding interaction in yeast tRNA*? is mediated by a trans-CW
A5 - Uy base pair (13).

The dG - dC base pair in ps-DNA was modeled by minimizing the energy of a ps-
[d(TsGAS) - d(A;CT;)] duplex using force field calculations. A comparative analysis
(not shown) was also carried out of the corresponding aps structure and of the
parent ps-[d(TAy) - d(AsTy)] and aps-[d(TA) - d(T,As)] duplexes. The final helical
conformation is depicted in Figure 4A as a side-view of the central three base pairs
and in Figure 4B as a cross-sectional overlay of the dG - dC base pair and the
underlying dA - dT base pair. The following average features of the optimized ps-
[d(TsGAs) - d(AsCT;)] duplex were derived from the central 7 residues (see Ref. 14
for nomenclature). (i) All nucleotides have an anti (<x> = —111°) conformation of
the glycosidic bond and a C2'-endo sugar pucker. [We were unable to generate an

cis-Watson-Crick base pairs trans-Crick-Watson base pairs

Figure 5: Base pairs in aps and in ps DNA. (A)dA - dT and dG - dC cis-Watson-Crick base pairs derived
from positions A5-B8 and A9-B4 in the Drew-Dickerson B-DNA dodecanucleotide (entry IBNA in the
Brookhaven Protein Data Bank). (B) dA - dT and dG - dC trans-Crick-Watson base pairs from positions
4and 6 of the minimized ps-[d(T;GA;) - d(A;CT;)] duplex. The purine bases have been constrained to lie
in the plane of the drawing so that the pyrimidines appear in projection.
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alternative helical structure for the given sequence incorporating combinations of
anti (pyrimidine) and syn (purine) glycosidic conformations.] (ii) The two glycosidic
bonds of each base pair are in a trans conformation with the sugar-phosphate
chains oriented parallel to each other. The base pairs show significant propeller
twist (—25°), buckle (up to a magnitude of 33°), and shear (25°). (iii) The mean helical
twist is 42° and helical rise 3.1°, a value ~15% greater than that calculated for the
corresponding aps duplex. From a comparison with ps-[d(TAy) - d(AsT,)], we con-
clude that the introduction of dG - dC does not lead to major perturbations of the
helix inasmuch as the flanking segments in the optimized structure of both duplexes
were superimposable.

An interesting finding from the above analysis is that the trans-CW dA - dT and
dG - dC base pairs are more nearly isomorphous than one would have anticipated.
Thus, from the minimized structures we derive C1’-C1’ distances of 10.7 A (dA - dT)
and 11.0 A (dG - dC), and the C1'-N angles are 35,46, 28, and 44° for the A, T, C, and
G bonds, respectively. We propose in Figure 5B a set of trans-CW dA - dT and
dG - dC base pair structures as representative for ps-DNA. The canonical cis-WC
structures are depicted by way of comparison (Figure 5A).

Assingle hydrogen bond (between HN1 of G and N3 of C) is shown for the trans-CW
dG - dC base pair corresponding to a distance in the refined structure of 2.9 A. This
result was independent of the chosen starting structure including one with two H-
bonds as found in yeast tRNAP™. We note that the restrictions imposed by the back-
bone of the ps-[d(T;GA;) - d(A;CTj)] duplex are not shared by the single trans-CW
dG - dC base pair in tRNA. The other potential zrans-CW base pairing combinations
in ps-DNA (dG - dT in D5+ D2, dA - dC in D1+Dé; see Figure 1A) are apparently
less stable than dG - dC. This might be due to the fact that the observed propeller
twist in the trans-CW base pairs would weaken the potential H-bonds in the dG - dT
(between HN2 of G and O4 of T) and dA - dC (between HN6 of A and O2 of C) base
pairs, by increasing the distances between donor and acceptor.

Concluding Remarks

The finding that the ps conformation can accommodate both dA - dT and dG - dC
base pairs increases the potential for this structure in the mediation of secondary
and tertiary interactions in DNA, and, possibly, RNA. We have previously iden-
tified sequence relationships which would facilitate the formation of ps helical
regions (2). The establishment of their occurrence will require direct analysis of
natural sequences, further physicochemical studies of model duplexes particularly
by crystallographic and NMR techniques, and a concerted search for specific
recognition proteins.
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