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Conformation of the 8C residuesin the C+D duplex

In the C+D duplex of the LNA-containing structufeet8C nucleotides at the 3'-end are
flipped out of the double helix and fold back inkee minor groove. The backbone between
7G and 8C bends sharply and reverses directionp{8wgntary Figure S3A). Moreover, the
conformation of adjacent guanosine residues is gdwrirom the typical C3ndoto C2*
endq characteristic of the B-form. The ribose ring8&f in chain C protrudes into the solvent
space. The pyrimidine ring points into the minooaye and forms a bifurcated H-bond
between iteexaamino group and two O2' atoms, one from 5C ofrclaiand the other from
6C of chain C (Supplementary Figure S3B). The o8 @ris arranged differently. The ‘5’
side’ of the nucleotide fits on the surface of thimor groove. The cytidine interacts with the
adjacent 7G residuaa three H-bonds: between the O2 of cytidine ardamino group of G
and between their sugar rings: O4'seeC1' and G34+{Supplementary Figure S3C). Both the
flipped cytidine residues interact and form intelecaolar lattice contacts. They stack, but the
pyrimidine rings are not parallel. The angle betw#e cytosine planes is approximately 60°
which indicates stackinface-to-edgeln addition, a hydrogen bond is observed betw@2h
(C from chain D) and N4 (C from chain C). Two 8C-Bractions, together with an H-bond
formed between the O2' atoms of 5C residues, arelvied in crystal contacts between

symmetry-related duplexes (Supplementary Figure)S3D

Solvent interactions

Each of the two crystallographic models containsadé 14 ordered water molecules, and the
LNA-containing structure has in addition two sulfhagons. One interacts with the major
groove of the C+D duplex and it forms hydrogen lsowith theexaamino groups of 2C and
3C (chain C) and with one water molecule (SupplaargriFigure S5A). The second sulphate
ion is in the minor groove, at the backbone digarassociated with 'G One H-bond is with
the exaamino group of the guanosine. Another oxygen atdr8Q,% interacts with N3 and
with O2' of the methylene bridge. Some weak H-baar@sobserved with O4' of adjacent 5G
and with flipped 8C from chain C, and with a wateolecule (Supplementary Figure S5B).

The occupancy factor of the sulphate ions ared).@dch.
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Supplementary Figure S1. Crystal packing of native duplexes in the rhomialshkunit cell

B)

(A) and LNA-containing duplexes in the tetragonell

Supplementary Figure S2. TheF, — F; omit map of C-C pairs, contoured at the 2.l@vel,

for the duplexes: A+B (A), C+D (B) and E+E’ (C).



Supplementary Figure S3. The terminal cytidine residues are flipped outhe# helix, into
the minor groove (A). The flipped 8C residue frotnasd C interacts with two citidine
residues in the duplex (B), whereas the flippedr8€ldues from strand D forms three H-
bonds with the preceding guanosine residue (C)t&tsmbetween symmetry-related duplexes
in the LNA-containing structure involves stackingeractions between 5C and 8C residues
and hydrogen bonds (D).



Supplementary Figure S4. The LNA residue (48 of strand D in the 2FF, electron density
contoured at thedllevel (A). The residue's torsion angteg3 andy take unusual values and
atoms C4', C5' O5' and the phosphorus atom areoptanar and the phosphate group is
shifted toward the neighbouring residue. As a teshé ribose ring of the LNA residue is

shifted (arrow) toward the major groove (B).

Supplementary Figure S5. Sulphate ions in the LNA-containing structure, the major
groove (A) and in the minor groove (B). The,ZF electron density map is contoured at the

1c level. The hydrogen bonding distance are gived.in



Supplementary Table S1. X-ray data statistics.

Crystal (GCCGCCGER) (GCCGCCGC)
Beamline BESSY BL 14.2 BESSY BL 14.1
Temperature (K) 100 100
Wavelength (A) 0.9184 0.9184
Space group R3:H B3
Unit-cell parameters (A) a=b=40.6 c¢=56.1 a=b=42:+81.7
Resolution range (A) 20.0 — 1.54 (1.57- 1.54) 20.0 — 1.95 (1.98 - 1.95)
Rmerge 0.04 (0.711) 0.067 (0.673)
No. unique reflections 5101 5762
Completeness (%) 99.9 (100) 99.8 (97.5)
Mosaicity (°) 0.27 0.8

Data redundancy 4.3 (3.8) 28.3 (15.6)
<I/ o(1)> 26.14 (2.1) 23.7 (2.2)
Reflections > 2 (%) 89.8 (54.6) 88.3 (54.0)
B-factor from Wilson plot (&) 29.7 50.7

"Values in parenthesis are for the last resolutiwils
TRmerge= S i i (hkD) — <A (hkD>| /Y i i (hkD), wherel ; (hkl) and 4(hkl)> are the observed individual and
mean intensities of a reflection with the indidgd, respectively,Y; is the sum ovei measurements of a

reflection with the indicekkl, and} is the sum over all reflections



Supplementary Table S2. Helical parameters calculated using 3DNA, basedC@ir C1' vectors. The core of the helix (see mairt) is

marked in bold.

Palzjsulpnlenxatlve Pairs dl:prlr;?(dlflec Displacement (A) Angle (°) Twist (°) Rise (A)
A+B C+D E+E'| AtB C+D E+E'| A+tB C+D E+E'| A+B C+D E+F
G-C C-G 70 71 61| 109 8.6 104 338 380 3313 25 2.3 3.6
G-C C-G 66 71 63| 128 114 117 359 303 344 24 3.8 29
C-G G--C 6.3 6.7 58| 152 6.6 114 351 296 335 26 2.7 3.7
C-C C-C 6.6 59 59| 149 7.4 104 323 387 3315 26 2.6 3.7
G-C C-G 68 51 58| 146 140 113 321 150 344 26 3.9 2.9
C-G G-C 64 54 63| 151 185 11.1 397 493 333 25 2.7 2.6
C-G G-C 56 65 6.1 16.2 133 104
average average 65 63 60| 142 114 111 | 348 335 337 2.5 3.0 2.7
s.d. s.d. 05 08 0.2 1.8 4.2 0.9 2.8 115 015 0.1 0.7 D.1
avg. for core avg. for core 65 60 60| 145 116 113 ]| 339 284 339 2.6 3.3 2.8
s.d. s.d. 02 08 0.2 1.0 4.9 0.% 1.9 9.8 0|6 0.1 0.7 D.1




Supplementary Table S3. Local base pair parameters calculated using 3DNA.

Palasulglgxatlve Palrjljglg((;ilfled Propeller (°) Buckle (°) Opening (°)

A+B C+D E+E'| A+B C+D E+FE'| AtB C+D E+F
G-C C-G -146 -75 -13¢9¢ -31 -42 0% 83 -12 -)2
G-C C-G -141 -12 -83 -35 -168 -5 -29 -59 -23
C-G G-C -11.6 -140 -1894 -25 00 5% -34 -15 -2|0
C-C C-C -12.7 -205 -204 05 -13.0 09 -115 -223 -1.9
G-C C-G -9.7 -138 -1874 22 -11.2 5.3 33 -0.6 -2/0
C-G G-C -140 28 -83 33 232 5% -07 00 -Z3
C-G G-C -129 -9.9 -13.$L 09 131 0B 05 -06 -142

average average -128 -90 -147) -05 -37 01 ] -12 -53 -29
s.d s.d. 19 80 50 29 147 4B 67 80 25




Supplementary Table $S4. Roll calculated using 3DNA.

Steps in nativel Steps in modifie Roll (%)
duplex duplexes
A+B C+D E+E’
GG/CC CC/IGG 6.2 3.0 55
GCI/GC CG/CG 3.7 151 152
CCICG G-c/CC 11.7 63 0.3
CGICC CCIGC 102 53 0.3
GC/GC CGICG 76 103 152
CC/IGC GG/CC 10.2 6.3 55
average average 8.3 1.7 7.0
s.d. s.d. 30 43 6.7




Supplementary Table S5. C-C pair present in the 30 models of the ribosasnblnit ofDeinococcus radioduran®und by FRABASE.

PDBcode UM w () B () v () A o a B v r() crcr ()
1J5A 1219 -67,6 170,8 53 56,9 1253 -292,5 200 2798 11,9 131
1JzX 1219 -67,4 170,9 52,9 57,0 1253 -292,8 199,6 280,3 125 121
1JzY 1219 -67,4 1713 52,5 57,2 1253 -293,2 199,1 280,5 131 121
13727 1219 -67,5 170,6 52,8 56,8 1253 -292,5 198,9 279,9 121 111
1K01 1219 -67 170,9 52,2 57,1 1253 -292,9 198,2 2804 131 2 13
INJM 1219 -63,3 168,3 55,1 63,0 1253 -298,2 216,7 2854 44 9 10
INJN 1219 -63,8 168,3 55,2 63,3 1253 -298,8 216,9 2855 47 9 1
INJO 1219 -63,4 168,2 55 63,1 1253 -298,3 216,8 2853 44 14,9
INJP 1219 -63,4 168,3 55,1 63,1 1253 -298,3 216,8 2854 45 9 1
INKW 1219 -42.3 151,3 50,7 711 1253 -304,6 201,2 2875 175 141
INWX 1219 -46,6 152,5 53 70,4 1253 -302,6 200,5 285,55 15,8 511
INWY 1219 -46,5 1524 53 70,4 1253 -302,7 200,5 285,55 15,8 511
10ND 1219 -42,2 148,9 51,3 70,3 1253 -306,6 204 289,1 18,4 4 11
1POX 1219 -69,4 177 51,7 59,0 1253 -303 201,8 282,6 12,3 1148
1PNU 1219 -63,7 166,7 55,7 63,1 1253 -299 216,4 2845 28 1131
1IPNY 1219 -63,7 166,7 55,7 63,1 1253 -299 2164 284,5 28 111
1Y69 1219 -72,9 201,6 56,9 65,7 1253 -294,9 193 286,7 31,3 3 14,
2AAR 1219 -68,2 1824 51,7 65,8 1253 -288,4 183,6 282,1 260 081
2043 1219 -514 1784 45,2 57,2 1253 -163,2 153,6 162,8 255 15 1
2045 1219 -55,5 1918 49,8 50,6 1253 -186 229,7 163,7 32,3 2 11,
20GM 1219 -63,1 163 56,2 71,6 1253 -290,2 1739 289,9 28,8 3 13
20GN 1219 -50,7 1734 49,1 55,3 1253 -356,9 133 39,3 38,0 130
20GO 1219 -55,2 165,1 56,3 70,5 1253 -289,9 187,6 2851 288 14 1
27ZJP 1219 -59,7 180,7 49,6 57,5 1253 -311 229,1 2719 225 0 113,
22JQ 1219 -66,1 185,8 499 62,1 1253 -304,6 187,1 2904 276 10 1
2ZIJR 1219 -65,8 183,3 49,6 60,3 1253 -3214 208,5 286,8 294 10 1
3CF5 1219 -67,9 193 47,3 62,5 1253 -297 180,1 286,8 314 14,6
3DLL 1219 -88 193,5 57,8 64,3 1253 -270,5 186,4 2541 19,2 711
3FWO 1219 -59,9 183,2 515 53,1 1253 -296,2 182,1 292 36,3 1 13
3JQ4 1219 -75,1 198,1 46,6 66,0 1253 -64.,4 184,9 614 425 4 1Q,
average -62,2 173,9 52,4 62,2 -283,7 197,2 259,8 19,5 11,1
s.d. 10,0 13,7 32 57 54,0 20,6 65,0 115 0,3
standard values
for A-RNA -68,0 178,0 54,0 -68,0 178,0 54,0




Supplementary Table S6. Comparison of characteristic features of double@leCCG , CGG (1), CAG

helicity

elsewhere along the duglex along the duplex

(2) and CUG repeats (3).
Feature CCG CGG CAG CUG
Helix form A A A A
Helical twist (°) 33.5-35 (core 28-34) 30-32 28.5+5.7 33.6+4.1
] ) 15.0 (native), 17.9+0.9,17.8+ 2.5
Major groove width A) 15.8 (LNA-containing) | 14.3 (three models) 23802 12.7x23
15.8+0.5,154+0.5
Minor groove width (A) 15.7 and 14.3 161 ' 153+0.1 15.7 £ 0.4
Average C1'-C1' distan(
for N-N® (and for the 10.7-10.9 (10.6) 11.3 (10.7) 11.0 (10.7) 10.4 (10.5)
other pairs) (A)
Local effect of N-N on Nof( opserved or local Local unwinding, .
unwinding compensategl compensated elsewhdre ~ Unwinding Not observed

N1H---O6 and
NN baiing interaction | \OMe ©F one hydroger ex0-N2H---N7 | C2-H2---N1 hydrogg3-H3:--Oydroger
paring bondexo-N4---N3 andintra -molecular: bond bond
exo-N2H---02

Manner of
accommodating N-N
(according to direction 0
the glycosidic bond))

Not observed or elevatd
propeler value of C-C

f .
pair

One Gis irsyn
conformation (inclined
towards the major
groove)

d

One A turned toward
major groove (“thumhb

up”)

S One U inclined

towards minor grooy

D

Effect of N-N
conformation on

Not determined

Symmetric arrangemer|

Co-operativity: A-A
pairs in consecutive|

ts
repeats have

No effect: each U-U
takes one of two

neighbouring N-N are clearly favoured alternative pos§|ble conformatign
. independently
conformations
Negtive potential around . . . . , .
gvep o .| Alternating stripes of| Alternating stripes o] Alternating stripes o
the C-C pairs; alternatir|g n . N . o .
. ) o positive and negative| positive and negativg¢ positive and negative
Electrostatic profie stripes of positive and ) . )
. . potential due to C-G| potential due to C-G potential due to C-G
negative potential due to airs airs airs
G pairs P P P
i . + . ... | Sulphate or glycero
Observed ligand affinity ¢ Not observed Sulphate or C& Sulphate binding in through-water bindink

N-N

binding in major groove

major groove

in major groove

Exposed functional grou
of N-N:

- Major groov

| None or N4exo-amino
i of one C

G(ant) O6 carbonyl
G(syn) O6 carbonyl, N
amino, N2exo-amino

First A N6 amino
Second A N1 imino,
N6 amino

First U O4 carbony

- mMiNor groovi

None or O2 carbonyl o
k one C and O2 carbony
N3 amino of second G

f G(anti) N3 imino, N2
' exo-amino

First A N3 imino
Second A N3 imino

First U O2 carbony
Second U 02
carbonyl, N3 aming

* Average for A-RNA is 33.1 (4).
T The values given are the “refined” widths, acangdo the program 3DNA (5).
8 G-G or A-A or U-U base pair.
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