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mation are not very Tikely to occur in DNA. How-
ever, encrgy walculations mdicate that syr conforma-
tion for purines (espacially for guanine) is as favour-
able as the ani conformation®™?, Also, a few single
crysta) structures of nucleosides and nucleotides of
granne™1 indicate sin conformation for this base,
This prompted us to look into the possibility of double
helical structures with all purines in syn conformation.
For this prrpose, we have chosen a poly-nucleotide
dupiex with alternating purine and pyrimudine sequence
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as the model system, A trinucleoside divhosphate
then turns out to be a typical repeating unit instead
of dinucleoside monophosphate, Note that the exact
repeating unit in such a case is a dinucleotide.

Mop:iL BUILDING WITH TRINUCLEOSIDE DIPHOSPHATE
AS THE REPEATING Unit

Use of a trinucleoside diphosphate as the repesting

unit, leads to two topologically distinct types of
duplexes, the uniform and zig-zag helices. In the uniform
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Fig. 1. Schematic representation of the helical domains in the (-y) space. The conformational

features of the various d»mains are summarized in Table I. The helical domains are (g g~ and tg7), (i

and ttyand (g g* and tg*) for gg, gt and tg conformations 1espectively about the C4'~CS bond. The remaining

three are non-helical domains, We have only investigated the helical domains I, II and II and the non-
We bave fcund that the (C3-endo, ggt) donain is stercochemically une
satisfactory, The helical domain (C2'-endo, 1t) and (C2'-endo, tg*) and the non-helical domains grg= and
g't are not consideced here, as these conformations have not been observed so far, for nucleotides and

helical domain IV as shown.

higher oligomers,
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TABLE 1

Results of the conformational domains investigated in the (f-y) space with dinucleoside monophosphate as
repeqting unit

Glycosyl torsion X

Domain Torsion (C4-C5’)  Puckering (C4’-C3") 03-P-05 torsions « — - —
€ 4 ') Right hand=d  Left handed
duplex duplex
I &5 Cl'-endo 58 low anti near syn
(55°< ex 75%) (75°< {< 100°) (270°< B, y< 305°)  (10°< X< 40°)  (310°< X < 3409
1I gg C2’-endo tg~ anti low anti

(40°< e 659 (135°< < 1559)

C3-endo
(75°< [ < 100%

111 gt
(150°< e 195°)

IV go C3.endo
(50°< €< 75°) C2-endo

gt Cl'-endo

(150°< e<< 195°) C2’-endo

(195°< f< 220°)
(280°< v < 315°)

(280°< i< 310°)
(155°< y< 195°)

(50°< B, y< 90°)

(50°< B, < 90°)

(55°< 1< 75°)  (0°< X< 209

low anti
(10°< X< 409

NEar syn
(310°< X < 340°)

ot

Structure not
possiblc

Structuie not
possible

g'8"

Structure not
possible

Structure not
possible

grgt

ro—

T

—_

Th= alphab:tical nomeanclature of the torsion angles are adopted from Szeman er ¢l**. The molecvlar modals
were generated using modified LALS method wherein flexibility in ths furanose ring was incorporated,

helices, the helical twist and the vertical displacement
batween successive phosphate groups are approxi-
mately th: samz2. In the zig-zag helices the phosphate
groups go around thz h:lix axis in & nor-uniform (zig-
zag) fashion. In what follows, we describe the con-
formational features of the uniform and the zig-zag
halices. We also show that one can join alternmate
right and left handsd segments of the wniform helix
to form a RL model of DNA, so also for ths zig-zag
helix, Thes common feature of these two kinds of RL
modesls is that the left vaciety of both of them has
cither nsar-syr or pure syn conformation for all the

purine bases.

THE UNIFORM HELIX

It is stereochzmically possible to join two dinuclec-
sid2 monophosphates with conformations in two helical
domains and ths resulting trinucleoside diphosphate
can be used as a repzating unit to gancrate weiform
h:lices. For example, we could link up altcrnately
(C3-endo, g &) and (C2-endo, tg~) conformations to
obtain both right and left helical duplexes for B-DNA,
In such structures, all th: purines are attachad to sugars
with C3'-endo sugar puckering while the pyrimidines
are attached to sugars with C2'-endo puckering, For
the right hand>d duplexes ths bases (both purines and
pyrimidines) are in aati conformation while for the
left handed duplexes the purines are in near syn confor-
mation (see Fig. 2a). Such right and left handed

double hc:lical segments (each 5 base-pairs in length)
could be combined to arrive at 3 RL model of B-DNA,
A space filling modal so constructed is shown in
Fig, 256. In this model although the back-bone
conformation is almost identical in the left and 1ight
h=ltcal segments, the purines in the right helical seg-
ment are in low anri conformations while in the lefi
segment they are in the negar-syn conformation,

Tae Z1G-ZAG HELIX

Zig-zag helices were generated when two dinucleoside
monophosphates, one with conformation in a helical
domain and the other with conformation in a nen-
helical domain or both with conformations in the nons-
helical domains were joincd. We have chosen (C3%-
endo, gtgt) or (C2%-endo, g'g*) conformation as repre-
sentative of a non-helical domain (domain IV in Fig. 1),
gigt conformations were found in the single {‘:r},s‘lal
structures of ApApA and UpAUv-U, Thetelore, the
role of gigt conformation dround P O bonds in a
polynucteotide duplex was investigited in detail, For
example, a tri-nucleoside diphosphiite with (CY-erdo,
p-t- C2~endo,g gt Q3 -emdo) conformation (e 1ig. da)
ledd to both right and left helical duplexes. For
the left handed duplex all the putines are attoched
to sugirs with CY-endo puckhering and have purg sin
conformition. For the right handed dupley, although the
purines are attached to sugars with C3 -ende pu bonmng
all of them have awri confornittion, The dispesitiony
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Fic. 2 a. Trinucieoside diphosphate as the repeat-
mg unit which leads to uniform helix. The glycosyl
torsion yegions are indicated for right and left handed

duplexes.

of the phosphate groups for such siruyctures are
schematically shown in Fig. 35 and 3¢. It is seen
that around each phosphate group, the two neighbouring
ones ate not symm3irically situvated; one of them
is horizontal while the other is vertically down. Such
a left hbanded duplex can b= joired smoothly with
a right handed counterpart, within a repeat of 10 base-
pairs of B-DNA. Such space filljing model for B-DNA
is shown ;m Fig. 4. Here all the purines in the left
handed helical segments have pure syn conformations.

In a similar fashion, right handed and left handed
duplexes with zig-zag progression of the phosphate
groups were arrived at when the (C3-endo, gig~C2’-
endo, g*gt-C3'-endo) conformation for the trinucleoside
diphosphate is adopted. For the right handsd duplex,
both the sugars bave gt conformation about the bond

'~C5’ (see Fig. 3) while the left handed duplex has gt
conformation only for the C¥-endo sugar. The lefi
handed zig-zog duplex so constructcd has greater chain
separation than the models with (CY-endo, g t-C2'-endo,
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g'g—C3'-endo) conformation.

Current
Science

Fic. 2 b. Spacefillmg (CPK) model of a RL model

obtained by joming alternately right and left hehca(
segruoents of the uniform helix,

Here again all the
purines in the left handzd duplex have pure syn confor-
mation, while in the right hand-d duplex they are all
in ant] conformation. Howeyer, in the case of the
left handed duplex, adjacent sug ts in the same chain
point in opposite directions while the sugars attached
to a given base pair point in the same direction. This
Is In striking contrast to right handzd structures. The
right and left helical segments, can be joined to obtain
a KL model of B-DNA, a spate filling representatios
of which is shown in Fig, 5. A left handed segment
with either (C3-endo, g—-C2 -endo, grg+C3 -endo) orx
(C3-endo, grg—C2 -endo, g-g—C2’-endo) conformation
can easily be joincd to any right handed segment gene-
rated itom (C3’-endo, gg7) or (C2'-endo, tg~) confor-
mation. In such an arrangement, the phosphate
groups in the left hand<d segmont have a zig-z¢g pro-
gression while those in the right handcd segment are
uniformly wrapp:d around the helix surfzce,

CONCLUSIONS

These studies clearly indicate that syn conformation
of the bases is possible ¢nly for the left handed duplexes.
In such cases, the purines will have only the syn con-
formation and the sugar attzched to them should
necessarily have C¥-endo and not C2-endo puckering.
As a result, if left stacking of the bases is preferred to
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FiG, 3a. Trinucleoside diphosphate which leads
to a zig-zag h:lix.* The glycosyl torsion regions are
indicated for right and left handed duplexes.

* It was noted that gt conformation around C4’-CS’
bond can be interchang:d bestween sugar with C2-
endo puckering and the one with C3%endo puckering.
It was also found that (C3-endo, g-g—~C2-endo, gtgt—
C3-endo) and (C3¥'-endo, tg—C2-endo, g+egt—C3¥ -endo)
conformations led to similar zig-zag helices. Note
that the phosphodiester conformation refers to  the
phosphate group attached to the 3’-end of the sugar,

right stacking in duplexes with alternate purine-pyri-
m ¢in? sequences, th: syr conformation for th: puirines
b:com:?s inzvitable, Afier this work was completed,
it has com: to our notice that exp:rimznts by Wang
er al’®, b:ar out this pr:diction: In th: (dC-dG),
crystal structure, internal G’s are in syn conformation
and sugirs attach:d to thm have C3’-emdo puckering.
Thz resulting structure, bzcause of the rcasons cilted
above, 18 a left haind.d zig-zag h:lix.

In all the RL mod:ls discussed above, the basecs
are turned over (or flippsd over) each other at the

f Syn (Left) . . . . .

356 3c

FIGs. 3 b—c. b. Schematic representation of a right
handed zig-zag helix showing the progression of the
phosphate groups. ¢. Schematic representation of a
left handed zig-zag helix,

G, 4. Space-filling RL n odel with (C¥-endo, gmt-
C2'~endo, ptgt-Cl-endo) conformation,

bend reg'on where the right and left helical segments
join tog:ther, This invertcd stucking arrangement,
at the bend region, is a characteristic feature of the
type II model published carljer™4 The alternathv
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Fi1G. 5. Space-filling RL model with (C3’-endo, g*g*
C2-endo, gtg™-C3-endo) conformation.

modsls of DNA cons.dered in this article are minor
modifications of ths type I structure, It is interesting
to note that in th> mod:l of Wang ef ¢/ 15, a segment of
left hand=d zig-zag DNA is combined with right handed
B-DNA. Th? resulting structure is again 2 variant of
the typz Il structute proposed by vsl—¢
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