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ABSTRACT

Atomic coordinates are presented for yeast tRNAPhe derived from a
wire skeletal model fitted to an electron density map at 2.5 R resolution
obtained by isomorphous replacement.

The crystal structure of the monoclinic form of yeast tRNA has

been determined by the method of isomorphous replacement. The first

stage of the X-ray analysis was carried out to a resolution of 3A and the

tertiary structure described . We have now extended the resolution of the

isomorphous replacement map to 2.5A, which has enabled a more detailed and
2

more certain interpretation to be made . No serious change in our view of

the structure can now be expected and it is unlikely that there will be

any large changes in atomic co-ordinates on further refinement.
Phe

A model of yeast tRNA was built out of Kendrew skeletal parts

to fit the 2.5A map, using a Richards optical comparator . Co-ordinates

were measured by hand directly on the model. Bad contacts and major

errors of measurement were then removed by the energy refinement method

of Levitt , to give the co-ordinates listed in Table 1. The final

LEGEND TO TABLE 1 (see following 6 pages)
Atoms in the bases and sugars are numbered in the standard manner. OL and
OR refer to the phosphate oxygens. OL OR

p
A
03'

The Y base is numbered as follows 18 0 H H 0 23
is I I II

H3 C-O-C -C-N -C-O-C H3
20 19 17 16 21 22 24 25

15
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I
z

gusuosine
03' 27.6 5.1 50.7
P 26.3 5.8 51.5
OL 26.6 7.2 51.8
0R 25.1 5.6 50.7
05' 26.3 5.0 52.9
CS' 25.6 5.6 54.0
CS' 26.0 4.9 55.2
01' 25.2 3.8 55.4
C3' 27.5 4,4 55.0
C2' 27.5 3.2 55.9
-02' 27.8 3.5 57.2
Cl' 26.0 2.7 55.9
19 25.8 1.6 54.9
C8 25.0 1.6 53.9
17 25.0 0.5 53.2
CS 26.0 -0.4 53.9
C6 26.4 -1.7 53.6
06 26.2 -2.2 52.6
X1 27.3 -2.2 54.5
C2 27..8 -1.5 55.5
12 28.:8 -2.0 56.2
13 27.4 -0.3 55.8
CS 26.4 0.4 54.9

2 cytidine
03' 28.4 5.4 55.5
P 29.7 5.6 54.7
OL 29.4 5.7 53.3
OR 30.4 6.8 55.2
05' 30.6 4.3 55.1
C5' 31.3 4.4 56.3
C4S 32.0 3.0 56.6
01' 31.0 2.0 56.6
C3' 33.0 2.7 55.S
C2' 33.2 1.2 55.9
02' 34.0 1.1 57.0
CI' 31.7 0.8 56.1
1I 31.1 0.3 54.9
C2 31.3 -O.9 54.5
02 32.1 -1.7 55.1
*3 30.7 -1.4 53.3
C4 29.9 -0.6 52.6
.14 29.3 -1.1 51.6
CS 29.7 0.7 53.1
C6 30.3 1.1 54.2

3 guanosine
03' 34.2 3.4 55.8
P 35.0 3.9 54.5
OL 34.1 4.2 53.4
OR 35.9 5.0 54.8
05' 35.9 2.6 54.1
CS' 37.1 2.3 54.9
C4' 37.4 0.8 54.7
o0' 36.3 -0.0 55.0
C3' 37.8 0.5 53.3
C2' 37.5 -1.0 53.2
02' 38.6 -1.7 53.9
Cl' 36.3 -1.1 54.1
N9 35.1 -0.8 53.1
C8 34.4 0.3 53.1
17 33.5 0.2 52.1
CS 33.7 -1.0 51.5
C6 33.0 -1.6 50.4
06 31.9 -1.2 50.0
11 33.4 -2.8 50.0
C2 34.5 -3.4 50.5
W2 34.9 -4.6 50.1
13 35.1 -2.9 51.6
C4 34.7 -1.7 52.1

4 guanosine
03' 39.2 0.7 53.0
P 39.5 1.7 51.8
OL 38.4 1.8 SC.8
OR 39.8 3.1 52.4
05' 40.9 1.1 51.1
C5' 40.8 0.3 50.)

C4' 40.3 -1. 1 50. 3
01' 38.9 -1.1 50.6
C3' 40.4 -2.0 49.1
C2' 39.3 -3.0 49.2
02' 39.8 -4.2 50.0
Ci' 38.3 -2.3 50.1
19 37.1 -1.8 49.2
CS 36.5 -0.7 49.4
17 35.5 -0.6 48.5
CS 35.5 -1.7 47.7
C6 34.6 -2.2 46.8
06 33.5 -1.7 46.7
11 34.9 -3.3 46.2
C2 35.9 -4.1 46.5
12 36.1 -5.3 46.0
13 36.8 -3.7 47.5
C4 36.6 -2.5 48.2

5 adenosine
03' 41.7 -2.6 49.1
p 42.8 -2.1 48.1
OL 44.1 -1.8 48.7
01 43.0 -3.1 47.0
05' 42.1 -0.8 47.5
C5' 42.1 -0.5 46.1
CS' 41.2 -1.5 45.4
01' 40.1 -1.8 46.2
C3' 40.7 -1.1 44.0
C2' 39.6 -2.2 43.9
02' 40.2 -3.5 43.6
Cl' 39.0 -2.2 45.3
N9 38.1 -1.1 45.4
CS 38.1 -0.0 46.2
N7 37.0 0.7 46.0
CS 36.3 0.2 45.0
C6 35.0 0.4 44.5
N6 34.1 1.2 45.3
V1 34.5 -0.3 43.5
C2 35.2 -1.3 43.0
13 36.4 -1.6 43.5
CS 37.0 -0.9 44.6

6 uridine
03' 41.7 -1.4 43.1

42.1 -0.2 42.1
OL 42.3 1.0 42.9
OR 43.3 -O.6 41.3
05' 40.8 -0.2 41.2
C5' 40.6 -1.3 40.3
C4' 39.3 -1.0 39.5
01' 38.2 -0.8 40.4
C3' 39.5 0.2 38.7
C2' 38.0 O.5 38.4
02' 37.6 -0.3 37.2
C1' 37.2 -0.1 39.6
11 36.6 0.9 40.4
C2 35.4 1.4 40.1
02 34.9 1.1 39.0
N3 34.8 2.3 40.9
C4 35.4 2.8 41.9
04 34.7 3.4 42.8
CS 36.7 2.4 42.-3
C6 37.3 1.4 41.5

7 uridine
03' 40.2 -0.1 17.5
p 41.1 1.1 36.9
OL 41.6 2.0 38.0
OR 42.3 O.5 36.2
05' 40.1 1.8 35.9
CS' 39.7 1.1 34.8
C4' 38.3 1.7 34.3
ol1 37.6 2.1 35.5
C3' 38.6 2.9 33.5
C2' 38.5 4.1 34.5
02' 38.1 5.3 33.8
Cl' 37.5 3.5 35.4
11 37.5 4.1 36.8
C2 36.5 4.8 37.2

I

02 35.7 5.3 36.4
3 36.5 5.3 38.5
C} 37.5 5.1 39.3
04 37.4 5.4 40.5
C5 38.6 4.3 38.9
C6 38.5 3.8 37.6

11 Cytidin*
03' 32-1 1.6 22.4
P 32.8 1.3 2 .6

OL 34.2 1.8 23.6
OR 32.0 1.9 24.9
05' 32.8 -0.3 24.0

CS' 33.5 -1.0 22.9
8 uridine C4' 33.8 -2.5 23. 2
03' 37.5 3.0 32.5 01' 34.5 -3.0 22.1
P 37.7 2.3 31.1 C3' 34.7 -2.7 24.4
OL 38.4 1.0 31.2 C2' 35.8 -3.7 23.9
OR 36.4 2. 2 30.4 02' 35.2 -5.0 24.1
05' 38.6 3.4 30.4 C1' 35.6 -3.4 22.*4
CS' 38.1 4.7 30.3 31 36.9 -2.4 22.2
C4' 39.2 5.6 29.8 C2 38.1 -2.8 21.9
01' 40.3 5.6 30.7 02 34.*4 -4.0 21.9
C3' 39.8 5.1 28.95 3 39.1 -1.9 21.6
C2' 41.1 5.8 28.4 C4 38.8 -0.6 21.7
02' 41.0 7.2 28.1 14 39.6 0.3 21.3
Cis 41.6 5.6 29.9 CS 37.6 -0.1 21.9111 42.3 4.3 30.1 C6 36.6 -1.1 22.2
C2 43.5 4.1 29.6
02 44.0 5.0 28.9 12 uridine
13 44.1 3.0 29.8 Oa' 34.1' -3. 25.5
CS 43.6 2.0 30.i P 34.7 -3.2 27.0
04 44.3 1.0 30.9 OL 34.8 -1.7 27.3
CS 42.4 2.2 31.2 oR 33.8 -3.8 26.0
C6 41.7 3.4 31.0 05' 36.1 -3.9 27.0

C5' 36.1 -5.3 27.5
9 adenosine C4' 37.6 -5.8 27.3
03' 39.0 5.6 27.4 01' 38.1 -5.5 26.0

39.0 4.6 26.1 C3' 38.6 -5.2 28.3
OL 40.4 4.5 25.6 C2' 39.9 -5.5 27.6
OR 38.6 3.2 26.6 02' 40.2 -6.9 27.8
05' 38.0 5.2 25.0 CI' 39.5 -5.l 26.1
CS' 38.3 6.4 24.5 31 39.6 -4.O 25.7
C4' 38.2 6.4 22.9 C2 41.1 -3.7 25.301' 39.5 6.4 22.4 02 41.9 -4.6 25.2
C3' 37.5 5.1 22.4 13 41.4 -2.5 24.9
C2' 38.7 4.2 22.0 C4 40o.6 -1.5 25.O
02' 38.3 3.5 20.8 04 40.8 -0.4 24.5Cl' 39.7 5.3 21.6 CS 39.3 -1.7 25.4
19 41.-1 4.7 21.8 C6 38.9 -3.0 25.7
C8 41.4 3.6 22.4
37 42.8 3.5 22.4 13 cytidine
CS 43.3 4.6 21.7 03' 38.6 -6.0 29.5
C6 44.6 4.9 21.3 P 39.3 -5.3 30.8
16 45.6 4.1 21.6 OL 36.4 -4.5 31.6
11 44.8 6.0 20.6 OR 39;8 -6.*4 31.7
C2 43.8 6.8 20.2 05' 40.6 -4.5 30.3
13. 42.5 6.5 20.6 C5' 41.8 -4.7 30.9
CS 42.2 5.3 21.3 C4' 43.0 -4.3 30.1

ol' 42.6 -3.6 28.9
10 2.-guanosine C3' 43.8 -3.2 30.9
03' 36.7 5.4 21.3 C2' 44.7 -2.6 29.7
P 35.2 5.7 21.6 02' 45.7 -3.8 29.5
OL 34.9 5.6 23.1 Cl' 43.8 -2.8 28.S
OR 34.7 7.0 21.1 1I 43.4 -1.4 29.1
05' 34.4 4.5 20.9 C2 44.3 -0.6 27.6
C5' 32.9 4.5 21.1 02 45.4 -0.9 27.5
C4' 32.4 3.2 20.6 13 43.9 0.7 27.3
01' 32.7 3.0 19.2 C4 42.7 1.1 27.4
C3' 33.0 2.0 21.3 14 42.3 2.1 26.6
C2' 32.9 0.9 20.2 CS 41.7 0.2 27.9
02' 31.6 O.3 20.2 C6 42.1 -1.1 28.3
Cl' 33.2 1.7 19.0
N1 34.6 1. 18.7 o4 adenosine
C8 35.4 2.9 18.5 03' 44.6 -3.9 31.9
17 36.7 2.5 18.4 p 45.3 -2.9 32.9
CS 36.8 1.2 OL 44.7 -1.6 33.0
C6 37.8 0.3 18.3 OR 45.3 -3.6 34.3
06 39.0 O.7 18.4 05' 46.8 -2.'8 32.4
I 37.6 -1.0 18.4 C5' 47.1 -1.8 31.5
C2 36.4 -1.5 18.5 C4' 48.5 -1.9 30.8
N2 36.2 -2.818.6 01' 48.4 -1.6 29.4
C21 34.9 -3.4 18.8 C3' 49.4 -0.8 31.o
N3 35.3 -0.7 187 C2' 50.3 -O.5 30.3
C4 35.5 0.7 18.6 02' 51.3 -1.5 30.1

Cl' 49.3 -0.6 29.1
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x r z
39 48.6 0.7 29.1
CS 47.3 0.9 29.5
37 47.0 2.2 29.2
CS 48.1 2.9 28.7
C6 48.4 4.2 28.2
16 47.4 5.0 28.1
31 49.5 4.5 27.7
C2 50.5 3.6 27.6
13 50.3 2.3 28.0
CR 49.1 1.9 28.6

15 guanosine

03' 50.2 -1.14 32.5
P 50.6 -0.3 33.6
OL 419.11 0.0 34.4
0R 51.7 -0.9 34.5
05' 51.2 0.9 32.8
CS' 51.6 2.0 33.6
C*' 51.7 3.3 32.8
01' 50.7 3.1 31.8
C3' 51.3 #.5 33.6
C2' 50.7 5.4 32.5
02' 51.8 6.2 31.9
CI' 50.2 4.4 31.5
39 48.7 4.5 31.7
CS 48.0 3.5 32.2
37 46.7 3.9 32.2
C5 46.6 5.2 31.7
C6 45.6 6.1 31.5
06 44.5 6.0 32.1
31 45.9 7.3 31.0
C2 47.1 7.6 30.6
X2 47.# 8.8 30.1
33 48.1 6.8 30.8
C# 47.9 S.5 31.3

x y z

18 guanosine
03' 57.8 12.3 38.2
P 56.5 11.7 38.8
OL 56.6 10.2 39.0
OR 56.2 12.3 40.1
05' 5.4 12.0 37.7
C5' 54.5 13.0 38.0
C4' 53.8 13.5 36.8
01' 52.9 14.6 37.1
C3' 54.9 14.0 35.9
C2' 55.0 15.4 36.5
02' 55.6 16.3 35.5
C1' 53.6 15.8 36.8
39 53.5 16.7 37.9
C8 54.3 16.6 39.0
N7 54.1 17.6 39.8
C5 53.1 18.4 39.2
C6 52.5 19.6 39.6
06 52.8 20.2 40.7
11 51.6 20.2 38.8
C2 51.3 19.6 37.6
32 50.5 20.3 36.8
N3 51.8 18.5 37.2
C4 52.7 17.8 38.0

19 guanosine
03' 54.14 14.0 34.6
P 55.6 14.1 33.5
OL 56.9 14.2 34.2
OR 55.5 12.9 32.6
05' 55.3 15.1 32.6
C5' 54.1 15.4 31.8
C4' 54.1 16.5 30.8
01' 54.6 17.7 31.4
C3' 55.2 16.2 29.7

16 dihydrouridine C2' 56.5 16.7 30.3
03' 52.4 5.2 34.2 02' 57.3 17.1 29.2
p 52.0 5.8 35.6 Cl 55.9 18.0 31.0
OL 50.6 6.3 35.6 19 56.7 18.3 32.2
OR ,52.0 4.7 36.6 CS 57.5 17.5 32.9
05' 53.0 7.0 36.0 37 58.0 18.2 33.9
CS' 5*.4 6.8 36.1 CS 57.5 19.6 33.9
C4' 55.0 7.1 37.4 C6 57.6 20.6 34.7
01' 54.* 6.11 38.5 06 57.9 20.5 35.9
C3' 56.5 6.7 37.5 31 56.9 21.8 34.4
C2' 56.7 6.2 38.9 C2 56.3 21.9 33.2
02' 56.8 7.1 39.8 12 55.6 23.0 32.9
CI' 55.3 5.6 39.2 33 56.2 20.8 32.4
31 55.11 4.2 38.6 C4 56.8 19.6 32.7
C2 55.4 3.2 39.5
02 55.6 3.4 40.7. 20 guanosine
.33 55.S 1.9 39.0 03' 54.8 17.0 28.6
C4 55.S 1.6 37*7 P 53.3 16.9 28.0
01 55.2 0.5 37.3 OL 52.8 15.5 28.3
CS 55.6 2.7 36.7 o0 52.4 17.9 28.7
C6 54.8 3.9 37.3 05' 53.4 17.1 26.5

CS' 52.4 16.5 25.7
17 dihydrouridine C4' 53.0 15.1 24.9
03' 57.4 7.8 37.2 O1' 54.0 14.6 25.6
p 59.0 7.14 37.3 C3' 52.0 114.3 24.3
OL 59.5 7.6 38.7 C2' 53.0 13.2 211.0
011 59.2 6.0 36.8 02' 53.7- 13.5 22.8
05' 59.7 8.14 36.2 Cl' 54.0 13.3 25.2
C5S 59.2 9.7 36.0 D9 53.4 12.4 26.2
C4' 59.2 10.5 37.3 CS 53.5 12.7 27.5
01' 60.5 11.0 37.5 37 52.9 11.7 28.2
C3' 58.3 11.7 37.0 CS 52.5 10.7 27.3
C2' 59.3 12.6 36.2 C6 52.0 9.4 27.4
02' 58.9 14.0 36.4 06 51.6 9.0 28.5
Cl' 60.6 12.3 37.0 N1 51.8 8.7 26.3
31 61.8 12.5 36.1 C2 52.1 9.1 25.1
C2 62.6 13.6 36.4 12 52.2 8.3 24.1
02 62.3 14.4 37.3 83 52.6 10.4 25.0
33 63.7 13.8 35.6 C4 52.9 11.2 26.1
C4 64.0 12.9 34.7
0o 65.1 13.1 34.0 21 adenosine
CS 63.3 11.7 34.5 03' 51.5 14.8 23.0
C6 61.8 11.9 34.8 P 50.1 15.6 22.9

s Y x r z
OL 49.8 16. 5 24. 1 C39' 47. 1 -5. 0 17.9
OR 50.1 16.14 21.7 C2' 46.3 -5.5 19.2
05' 48.9 14.6 22.8 02' 46.7 -6.8 19.5
C5' 48.2 14.0 23.9 C1' 46.8 -4.6 20.3
C41' 48.7 12.6 24.2 19 46.0 -3.14 20.2
01' 47.8 12.1 25.1 CS 46.3 -2.1 19.9
C3' 48.6 11.8 22.9 17 115.3 -1.3 20.0
C2' 47.1 11.* 23.1 CS 44.2 -2.0 20.5
02' 46.7 10.2 22.4 C6 42.9 -1.7 21.0
C1' 47.0 11.1 24.5 06 42.5 -0.5 20.8
19 45.6 11.2 24.9 31 42.1 -2.6 21.*
C8 44.8 12.1 24.5 C2 412.5 -3.9 21.*
17 43.7 12.0 25.2 32 41.5 -4.9 21.5
CS 43.8 10.9 26 0 33 43.7 -1.3 21.1
C6 43.0 10.4 27.1 C4 111.6 -3.4 20.6
36 41.8 10.9 27.3
11 43.4 9. 3 27.7 25 cytidine
C2 14.5 8.7 27.1 03C' 47.2 -6.2 17.1
33 45.3 9.1 26.4 P 46.1 -6.3 15.9
C4 45.0 10.3 25.7 OL 46.3 -S.1 15.

OR 46.14 -7.6 15.1
22 guanosine 05' 441.7 -603 16.5

03' 50.1 .10.8 22.7 C5' 44.0 -7.6 16.5
P 49.7 10.1 21.2 C4' 42.5 -7.5 16.8
OL 50.8 10.4 20.2 01' 42.3 -6.9 18.0

OR 48.5 10.7 20.7 C3' 41.7 -6.8 15.7
CS' 49.6 8.5 21.4 C2' 40.4 -6.7 16.5
CS' 50.7 7.7 21.2 02' 39.8 -8.0 16.6
C4' 50.7 6.11 22.0 Cl' 40.9 -6.3 17.9
01' 50.2 6.5 23.3 31 41.0 -1.9 18.0

C3' 49.8 5.3 21.3 C2 39.9 -11.1 18.2
C2' 49.9 14.3 22.5 02 38.8 -4.7 18.*
02' 51.1 3.6 22.14 33 #0.0 -2.8 18.3
Cl' 49.8 5.2 23.7 C4 41.1 -2.2 18.0
39 '18.14 5.2 24.2 14 41.2 -0.9 18.2
CS 47.6 6.2 24.1 CS 42.3 -2.9 17.8
37 46.4 5.9 24.6 C6 42.2 -11.3 17.7

CS 146.5 4.5 25.0
C6 45.5 3.7 25.6 26 2,2dim-guanosiae
06 4414 4.1 25.8 03' 41.1 -7.7 14.6
31 45.9 2.4 25.9 P 40.9 -7.1 13.2
C2 47.1 2 0 25.6 OL 42.1 -6.5 12.6
12 47.14 0.8 26.0 OR 40.3 -8.1 12. 3
33 48.0 2.8 25.1 05' 39.8 -6.0 13.5
C4 47.7 4.1 24.7 CS' 38.5 -6.3 13.8

C4' 37.8 -5.1 14.3
23 adenosine 01 ' 38* 8 -4.4 15.1
03' 50.4 4.7 20.2 C3' 37.6 -1.1 13.2
F #9.5 3.8 19.3 C2' 37.6 -2.8 13.9
CL 118.1 4.4 19.2 02' 36.2 -2.5 14.*
OR 50.1 3.5 18.0 Cl' 38.5 -3.0 15.1
05' #9.14 2.4 20.1 39 39.7 -2.2 14.9
C5' 50.6 1.6 20.1 CS 10.9 -2.o 14.6
C4' 50.5 0.1 21.0 37 11.8 -1.5 14.5
01' SO.O 0.7 22.3 C711 4i.O -0.4 14.7
C3' 49.5 -0.7 20.4 CS 41.2 1.0 14.6
C2' 49.2 -1.5 21.7 C6 42.3 1. 114.2
02' 50.3 -2.4 21.9 06 #0.2 1.8 111.8
Cl' 49.2 -0.4 22.7 31 38.9 1.1 1S.O
39 47.8 0.1 22.7 32 37.9 2.2 15.

CS 47.4 1. 3 22.3 C2B1 36.5 1.5 15*0
37 46.1 1.11 22.5 C2M2 38.0 3.6 14.8
CS 45.6 O.2 23. 1 33 38.7 O.1 15.1
C6 44.4 -0.2 23.7 C4 39.7 -0.9 14.9
86 43.3 0.6 23.5
31 44.3 -1.4 24.2 27 cytidine
C2 45.3 -2.2 24.3 03' 36.3 -1.3 12.6
13 146.5 -1.9 23.8 P 36.2 -3.9 11.0
C4 46.7 -0.6 23.2 OL 37.4 -11.4 10.3

OR 34.9 -4.5 10.5
24 guanosine 05' 36.1 -2.3 11.1

03' 50.2 -1.5 19.5 C5 3418 -1.8 11.2
p 49.9 -1.4 17.9 C4' 34.8 -0.2 11.1

OL 49.3 -O.1 17.6 01' 35.6 0.1 12.0
OR 51.0 -1.7 17.1 C3' 35.4 0.2 9_7
05' 48.8 -2.6 17.8 C2' 35.7 1.7 10.0
C5' 49.3 -3.9 17.7 02' 311.1 2.4 10.1
C4' 48.4 -14.8 18.6 Cl1' 36.3 1.5 11.5

01' 48.1 -4.1 19-.8 311 37.7 1.2 11.4
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x Y z
C2 38.6 2.2 11.1
02 38.2 3.3 13.6
N3 39.9 1.9 11.0
C4 40.14 0.7 11.2
N4 41.7 0.5 11.4
C5 39.5 -0.3 11.5
C6 38.1 -3.0 11.6

28 cytidine
03' 34.4 0.2 8.7
P 34.5 -0.9 7.5
OL .35.2 -2.1 8.0
OR 33.2 -1.3 7.0
05 ' 35.4 -0.1 6.4
C5' 34.7 0.8 5.6
C4' 35.6 1.9 5.2
01' 36.3 2.3 6.4
C3' 36.7 1.5 4.2
C2' 37.7 2.6 4.5
02' 37.3 3.8 3.8
Cl1 37.6 2.8 6.'
m1 38.6 1.9 6.6
C2 39.9 2.3 6.5
02 4U.2 3.4 6.1
N3 40.9 1.6 7.1
C4 40.6 0.4 7.7
N4 41.6 -0.3 8.2
CS 39.3 0.0 7.9
C6 38.3 0.8 7.3

29 adenosine
03' 36.2 1.7 2.8
P 37.0 1.2 1.6
OL 37.5 -0.2 1.9
OR 36.2 1.3 0.3
05' 38.3 2.1 1.4
C5' 38.2 3.2 0.5
C4' 39.6 4.0 0.5
01 ' 40.0 4.3 1.8
CJI 40.7 3.1 -0.1
C2' 41.9 4.0 0.5
02' 41.9 5.2 -0.3
Cl' 41.4 4.3 1.9
19 41.8 3.1 2.6
C8 40.9 2.1 3.1
N7 41.7 1.2 3.7
CS 43.0 1.5 3.6
C6 44.2 0.9 4.0
N6 44. 1 -0.3 4.6
11 45.4 1.5 3.8
C2 45.4 2.7 3.2
N3 44.3 3.3 2.8
C4 43.1 2.7 3.0

30 guanosine
93' 140.8 3.1 -1.5
p 41.7 2.0 -2.2
OL 41.2 0.7 -1.7
OP 41.7 2.1 -3.6
05' 43.2 2.2 -1.6
C5' 44.0 3.3 -2.2
C14' 45.5 3.1 -1.9
01 ' 45.8 3.0 -0.5
C3' 46.0 1.8 -2.5
C2' 47.3 1.7 -1.7
02' 48.3 2.5 -2.3
Cl' 46.9 2.2 -0.3
N9 46.5 1.0 1.4
C8 45.2 0).6 .6
N7 45.2 -0.5 1.3
CS 46.5 -0.9 1.6
Cb 47.0 -2.0 2.3
06 46.3 -2.7 3.0
141 48.3 -2.1 2.14
C2 49.2 -1.2 1.8
12 50.5 -1.5 1.7
43 48.7 -0.2 1.1
C4 47.3 0.0 1.C

x y z
J1 adenosine
03' 46.2 1.9 -3.9
p 46.2 0.6 -4.8
OL 44.8 -0.0 -4.6
OR 46.4 0.9 -6.2
05' 47.3 -0.3 -4.2
C5' 48.7 0.1 -4.4
C4' 49.6 -0.8 -3.6
01 ' 49.1 -1.0 -2.3
C3' 49.7 -2.2 -4.2
C2' 50.2 -3.0 -3.0
02' 51.7 -2.8 -3.0
Cl' 149.6 -2.2 -1.8
N9 48.5 -3.0 -1.3
C8 47.2 -2.9 -1.5
17 46.5 -3.8 -0.8
CS 47.4 -4.5 -0.1
C6 47.3 -5.5 0.9
16 46.0 -5.9 1.3
N1 48.3 -6.1 1.5
C2 49.6 -5.7 1.2
N3 49.8 -4.7 0.3
C4 48.7 -4.1 -0.4

32 2'O0-cytidine
03' 50.7 -2.2 -5.2
P 50.9 -3.4 -6.2
OL 49.9 -3.3 -7.3
OR 52.2 -3.5 -6.7
05' 50.6 -4.8 -5.14
C5' 51.6 -5.8 -5.6
C44' 51.3 -7.1 -4.9
01' 50.7 -7.1) -3.6
C3' 50.3 -8.0 -5.7
C2' 50.1 -9.0 -4.6
02' 51.3 -9.8 -4.6
C2a 51.2-10.8 -3.6
Cl' 50.0 -8.2 -3.3
11 48.6 -7.9 -3.0
C2 47.8 -8.9 -2.6
02 48. 3 -9.9 -2.2
N3 46.5 -8.6 -2.3
C4 46.0 -7.14 -2.5
N4 44.7 -7.2 -2.3
CS 46.8 -6.4 -3.0
C6 48.2 -6.7 -3.3

33 uridine
03' 50.9 -8.5 -6.9
p 50.0 -9.3 -8.2
OL 49.5 -7.0 -8.3
OR 50.8 -8.7 -9.14
05' 48.8 -9.4 -8.0
C5' 49.2-10.8 -7.8
C4' 48.0-11.4 -7.0
01' 47.7-10.6 -5.9
C3' 46.8-11.6 -7.8
C2' 45.8-11.8 -6.7
02 ' 45.9-13. 1 -6. 2
C1' 46.3-10.8 -5.6
Ni 145.6 -9.5 -5.8
C2 44.4 -9.4 -5.3
02 44.40-10.2 -4.5
N3 43.7 -8.2 -5.3
C4 44.3 -7.1 -5.9
04 43.8 -6.0 -5.6
CS 45.6 -7.2 -6.4
C6 46.2 -8.5 -6.3

34 29"m-guanosine
03' 46.8-12.8 -8.6
p 46.6-12.5-10.2
OL 46.8-11.1-10.5
OR 47.4-13.4-11l.C
05' 45.0-12.9-1.14
CS' 44.4b-12.4-11.7
C4' 143.1-12.8-11.9
0o1 42. 9-14. 1-12. 4
C3' 42.3-12. 6-10.6

x y z
C2' 41.2-13.6-10.8
02' 40.2-13.0-11.6
C2M 39.1-14.0-11.8
Cl'1 41.9-14.7-11.6
19 42.6-15.7-10. 8
C8 43.9-16.0-11.0
N7 44.2-17.0-10. 1
CS 43.1-17.5 -9.5
C6 42.8-18.5 -8.7
06 43.8-19.2 -8.3
Nt 41.6-18.8 -8.2
C2 40.6-18.0 -8.6
12 39.14-18.2 -8.0
N3 40.8-17.0 -9.14
C4 42.0-16.6 -9.9

35 adenosine
03' 41.7-1 1.3-10. 6
p 42.3-10.1 -9.7
CL 43.8-10. 3 -9. 4
CB 42.0 ;-8.8-10.2
05' 41.14-10.14 -8.14
C5' 40.1 -9.9 -8.5
C4' 39.2-10.9 -7.8
01' 39.4-12.2 -8.2
C3' 39.5-10.9 -6.3
C2' 38.7-12.1 -5.9
02' 37.3-11.8 -6.0
Cl' 39.1-13.1 -7.1
39 40.2-13.9 -6.7
C8 41.5-13.7 -7.1
N7 142.3-14.6 -6.6
CS 41.5-15.5 -5.9
C6 41.8-16.7 -5.2
16 43.0-17.2 -5. 1
11 40.8-17.3 -4.6
C2 39.5-16.9 -4.6
N3 39.2-15.8 -5.3
C4 40.2-15.0 -6.0

36 adenosine
C3' 38.9 -9.7 -5.8
P 39.6 -9.0 -4.5
OL 39.4 -7.6 -4.5
OR 41.1 -9.3 -4.5
CS' 38.9 -9.7 -3.3
C5' 37.5 -9.6 -3.2
C4' 37.0-10.9 -2.5
01' 37.5-12.1 -3.2
C3' 37.5-10.9 -1.1
C2' 37.5-12.4 -0.9
02' 36.2-12.8 -0.5
Cl' 37.9-13.0 -2.2
19 39.3-13.2 -2.3
C8 40. 2-12.14 -3.0
17 41.4-12.9 -3.0
CS 4l1.14-114. 1 -2.2
C6 42.3-15.1 -2.0
N6 43.*6-14.8 -2.2
N11 42.0-16.1 -1.3
C2 40.8-16.3 -0.8
N3 39.8-15.4 -1.0
C4 40.1-114.2 -1.8

37 _Y
03' 36.6-10.3 -0.3
P 37.1 -9.8 1.1
OL 38.2 -8.9 0.9
OR 36.0 -9.1 1.9
CS' 37.6-11.1 1.8
C5S 39.0-11.1 2.1
C44' 39.4-12.4 2.6
01' 39.9-13.2 1.6
C3' 40.6-12.2 3.5
C2' 41.0-13.7 3.6
C2 ' 4C.C-14.'4 4,5
Cl' 40.8-114.1 2.2
W9 42.2-14.0 1.6
C8 42.6-13.1 0.8

I I z
17 43.9-13.3 0.5
C5 44.3-14.4 1.2
C6 45.6-15.0 1.4
06 46.4-14. 8 0.6
11 45.6-16.1 2.2
C2 44.5-16.6 2.8
N3 43.2-16.1 2.6
C315 42.1-17.1 2.5
C4 43.2-15.0 1.8
110 44.8-17.7 3.6
Cll 46.1-17.6 3.5
C121 46.9-18.7 4. 4
C13 46.7-16.8 2.7
C14 48.1-16.5 2.3
C15 48.6-17.7 1.5
C16 50.0-17.4 1.0
C17 5095-18.6 0.2
018 50.2-18.8 -1.0
019 51.2-19.4 0.8
.C20M 510"5-19.1 2;11
N21 49.7-16.3 -0.0
C22 50.7-15.5 -0.3
023 51.8-15.6 0.2
024 50.5-114.6 -1.2
C251 51.7-13.8 -1.3

38 adenosine
03' 40.2-11.7 4.8
P 40.6-10.2 5.1
OL 40.8 -9.14 3.8
OR 39.6 -9.5 5.9
05' 42.0-10.3 5.8
CS' 142.1-11.0 7.1
C4' 43.1-12.1 6.9
01 ' 43.2-12.4 5.5
C3' 44.5-11.8 7.2
C2' 145.2-12.9 6.5
02' 45.1-14.1 7.3
Cl' 44.4-13.1 5.3
N9 45.1-12.5 4.2
C8 44.7-11.5 3.3
D7 45.7-11.2 2.5
CS 46.8-11.9 2.8
C6 48.1-12.0 2.3
W6 48.5-11.1 1.4
111 49.0-12.8 2.9
C2 48.7-13.5 3.9
N3 47.5-13.5 4.14
C4 46.5-12.7 3.9

39 pseudouridine
03' 44.8-12.1 8.6
p 46.0-11.5 9.4
OL 45.8-10.1 9.8
OB 46.3-12.3 10.6
05' 47.3-11.5 8.4
C5' 48.5-11.0 9.1
C4' 49.8-11.0 8.2
01' 49.5-11.5 6.8
C3' 50.4 -9.6 8.1
C2' 51.0 -9.7 6.8
02' 52.3-10.3 6.9
Cl' 50.1-10.6 5.9
CS 49.0 -9.8 5.3
C4 49.3 -9.0 4.2
04 50.5 -8.7 3.8
N3 48.3 -8.3 3.6
C2 47.0 -8.5 4.0
02 46. 1 -8.0 3. 3
N11 46.8 -9.3 5.1
C6 47.7 -9.9 5.7

40 Ss-cytidine
03' 51.4 -9.5 9.1
E 51.6 -8.1 9.7
OL 50.3 -7.5 10.2
OR 52.6 -8.1 10.8
05' 52.2 -7.2 8.5
CS' 53.6 -7.1 8.3
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tx y z

C4' 53..9 -6.1 7.2

01' 53.2 -6.5 6.0

C3' 53.4 -4,7 7,5
C2' 53.4 -4.2 6.1

02' 54. 7 -3.9 5.7

Cl' 52.8 -5.3 5.3
Nl 51.4 -5.2 5.2

C2 50.8 -4.,3 4.3

02 51.6 -3.6 3.7

43 49.5 -4.2 4.2

C4 48.7 -4.9 5*0

N4 47.4 -4.7 4.9

C5 49.2 -5.8 5.9

C5M 48*83 -6.4 6.9

C6 50.6 -5.9 6.0

'41 uridine
03' 54.3 -4.0 8.3

P 53.7 -2.7 9.0

OL 52.5 -3.1 9.9

OR 54.7 -2.0 9.8

05' 53.1 -1.7 7.i9
C5' 54.1 -1.0 7.1

C4' 53.5 0.0 6.2

01' 52.6 -0.6 5.2

C3' 52.6 0.9 7.0

C2' 51.9 1.6 5.8

02' 52.9 2.5 5.2

C1' 51.7 0.4 4.9

11 50.3 -0.0 5.2

C2 49.2 0.6 4.6

02 49.4 1.5 3.9

N3 48.0 0.1 1.9

C1 47.8 -0.9 5.7

04 46.6 -1.3 5.9

Cs 48.8 -1.5 6.3

C6 50.1 -1.1 6.0

'42 guanosine
03' 53.3 1.9 7.8

P 52.6 2.5 9.0

OL 52.0 1.5 9.9

OR 53.4 3.5 9.7

05' 51.4 3.4 8.3

C5' 51.8 4.5 7.5

C4' 50.6 5.0 6.7

0 '49.9 3.9 6.0

C3' '496 5.5 7.7

C2' 48.4 5.6 6.8

02' 48.5 6.7 5.9

Cl' 48.5 4.3 690

19 '477 3.2 6.7

CC 48.2 2.3 7.4

17 '47.2 1.5 7.8

CS '46.0 2.0 7.4

C6 '417 1.6 7.4

06 4144 0 .4 7.7

11 43.7 2.3 6.9

C2 44.0 3.5 6.3

12 43.0 4.3 5.9

13 45.3 3.9 6.1

C4 46.3 3.2b. 7

43g3uanosine
03' 50.. 6.8 8.2

P 49.5 7.1 9.6

OL 49.5 5.9 10.5

OR 50.3 8.2 10.2

05' 48.0 7.7 9.4

C5' 47.9 8.9 8.7

C4' 46.5 9.0 8.2

'46.1 7.9 7.5

C3' 45.59 9.1 q.
C2' 44.2 8.7 8.6

02' 43.7 9.8 7.8

ClC 44.7 7.6 7.7
N

9 144.7 6.3 8.5

C8 45.7 5.7 9.r
N

7 45.3 4.6 9.6

x Y z x y z
CS 44.0 4.5 9.5 C2 42.9 7.3 24.3

C6 43.1) 3.5 9.9 12 42.6 25.1

06 43.4 2.4 1C.3 N3 42.0 8.1

N1 41.7 3.7 9.7 C4 42.3 9.3

C2 41.3 4.8 9.1

N2 40.0 5.1 9.1 47 uridine

N3 42.2 5.8 8.7 03' 37.5 11.0 23.0

C4 43.5 5.6 8.9 P 36.2 11.7 23.4

OL 35.4 12.1 22.2
44 adenosine 0R 10.9 24.4

03' 45.4 10.5 9.8 05' 36.7 13.0 24.2

P 45.2 10.8 11.4 CS' 37.3 12.8 25.5
OL 45.8 9.7 12.2 C4' 36.9 14.0 26.3

OR 45.7 12.1 11.8 01' 35.4 14.2 26.3

05' 43.6 10.7 11.6 C3' 37.2 13.8 27.8

C5' 42.8 11.7 l1.O C2' 36.2 14.7 28.5

C41 41.4 11.1 10.8 02' 36.8 16.0

01' 41.4 10.0 10.0 Cl' 35.1 27.5

C3' 440.8 10.7 12.1 N1 33.8 14.3 27.9

C2' 39.8 9.7 11.6 C2 33.2 14.8 29.0

02' 38.7 10.5 11.0 C2 33.6 15.7

C19 40.6 9.0 10.6 13 32.0 29.

N9 41.4 8.0 11.3 C4 31.4 13.3

C8 42.7 8.0 11.3 04 30.2 12.9

17 43.2 7.0 12.0 CS 32.0 12.8 27.6

CS 42.1 6.2 12.4 C6 33.2 13.3

C6 41.9 4.9 12.9

16 43.o 4.1 13.1 48 cytidine

N1 40.7 4.4 13.1 03' 38.6 14.3

C2 39.7 5.1 12.7 P 39.4 14.2 29.3

I3 39.7 6.3 12.1 0L 40.7 15.0 29.1

C4 41.0 6.9 11.9 OR 38.7 14.8 30.4

05' 39.8 12.7 29.5
45 guanosine CS' 38. 8 11.7 29.8

03' 40.2 11.8 12.8 C41' 39.5 10.4 30.2E

40.8 121 14.3 01' '40.7 10.3 29.5

0O 42.2 11.7 14.4 C3' 39.8 10.4 31.7

OR 40.6 13.5 14.7 C2' 41.2 11.0 31.8

05' 39.9 11.1 15.1 02' 41.9 10.5 32.9

CS' 38.5 11.4 15.2 Cl' 41.8 10.3

C4' 37.8 10.1 15.5 Il 413.0 11.0 30.0

01' 38.3 9.1 14.6 C2 44.1 10.5

C3' 38.0 9.6 16.9 02 44.2 9.3 30.5

C2' 37.7 8.1 16.7 13 45.3 11.1 29.8

02' 36.3 7.9 16.6 C4 45.2 12.3 29.2

Cl' 38.4 7.8 15.4 N4 46.3 12.7

N9 39.8 7.5 15.6 C5 44.0 12.9 29.1

C8 40.8 8.2 15.3 C6 42.9 12.3

7 42.0 7.S5 15.7
CS 41.6 6.4 16.3 49 5E-cytidine
C6 42.2 5.3 16.9 03' 39.8 32.3

06 '435 5.3 16.9 P 39.1 8.9 33.6

N1 411 6 4.3 17.4 39.8 7.9 34. 5

C2 40.2 '4.3 17.5 0R 39.0 10.2 31.3

N2 39.6 3.4 18.2 05' 37.7 8 33.2

13 39.5 5.3 17.0 CS' 36.8 9.0 32.3

C4 40.2 6.4 16.3 C4' 35.6

35.3 8.8 34. 1

46 7m-guanosine C3' 36.0 10.9

03' 37.0 10.1 17. 8 C2' 34.711 34.5

36.8 11.6 18.3 02' 33.6 11.3 33.6

36, 52.5 172. 2 Cl' 34.6 9 .6 35.0

OR 35.81116 19.3 N1 35.2 9.5

05' 38.3 12.0 19.0 C2 34.5

CS' 39.1111 19.7 02 33.4 10.5

C41 38.5 10.4 20.9 13 35.1 10.0 38.7

(1' 39.5 9.6 21.5 C4 36.3 9.5 38.9

C3' 38.2 11.5 21.9 N4 36.8 9.5 '40.

C2' 39.7 11.8 22.4 CS 37.0 9.0 37.8

02'9 39.6 12.4 23.7 C5 38.8 4 8.5 37.9

Cl' '401 10.4 22.5 C6 36.49.0N
9 41.6 10.3 22.6

C8 42.4 11.2 22.1 50 uridine
17 43.7 10.8 22.4 03' 36.1 12.1 32.8

C7M 144.8 11.3 21.6 P 37.0 13.2 33.3C
5 43.6 9.6 23.0 CL 37.3

C6 44.6 8.6 23.14 38.3 13.232. 6

06 45.6 8.5 22.7 05' 36.2 33.1

'44.2 7.5 24.1 CS' 34.8 14.5 32.8

x y z
C41' 33*9 14.7 34.1
01' 34.0 13.7 35.1
C3' 34.1 16.0 34.8
C2' 33.3 15.7 36.1
C2' 31.9 16.0 35.7
Cl' 33.5 14.2 36.3
Ni 34.4 13.9 37.4
C2 34. 1 14.1 38.6
02 33.1 14.6 39.0
N3 35.0 13.8 39.6
C4 36.2 13.3 39.3
04 36.9 12.7 40.2
CS 36.5 13.0 38.0
C6 35.6 13.4 37.0

51 guanosine
03' 33.6 17.1 314.1
P 34.5 18.4 34.0
0L 35.9 18.0 33.7
OR 34.0 19.4 33.1
05' 34.4 18.9 34.5C5§ 33.2 19.5 35.9
C4' 33.0 19.5 37.4
01' 33.2 18.2 38.0
C3' 34.1 20.4 38.1
C2' 33.9 19.9 39.5
02' 32.8 20.6 40.1
Cl' 33.6 18.4 39.3
N9 34.9 17.7 39.5
C8 35.5 17.1 38.5
17 36.7 16.5 39.0
CS 36.7 16.8 40.4
C6 37.6 16.5 41.4
06 38.4 14.5 41.3
N1 37.4t17.0 42.6
C2 36.4 17.842.9
12 36.1 18.1 44.,2
N3 35.5 18.1 42.0
C4 35.6 17.6 40.7

52 uridine
03' 33.7 21.838.0
P 34.8 22.9 37.7
OL 35.6 22.3 36.6
0F 34. 1 24.o1 37.3
05' 35.6 23.0 39.1
C5' 35.1 24.1 39.9
C4' 35.7 23.94113
01' 35.6 22.5411.
C3' 37.1 24.2411.5
C2' 37.3 23.6 42.9
02' 36.6 24.1 43.9
Cl' 36.6 22.3 42.7
11 37.6 21.3 42.1

C2 38.5 20.8 12.9

02 38.5 21.1 144.
N 3 39.4 20. 0 42. 4

CC 39.4 19.6 1412
04 40.3 18.8 '407

Cs383 4202401 3

C6 37.5 21.0400.9

53 guanosine
03' 37.1 25.6 4118
P 38.8 26.2 41.6

39. 2 26.0 10.2

CB 38.9 27.71419
05' 39.8252. 142.6

C5' 40.1 26.0 43.8

C4'4 111 25.2 441 6

14 09 23.8 44 .4

C3' 42.6 25. 44.3
C2' 13.2 24.2 44.8
02' 113.424. 4166 2

ClC 142.1 23.1 44.7

19 42.4 22.3 43.5
C8 41.7 22.3 42.3
N

7 12.3 21.1 41.5

CS 43.3 20.7 1122
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I Y I
C6' 44.1 19.7 41.9

06 43.8 18.9 41.0
11 45.1 19.3 42.8
CZ 45.2 19.9 44.0
12 46.1 19.4 44.8
13 44.4 2099 44.3
CS 43.4 21.3 43.5

54 ribosylthy.in.
03' 43.1 26.5 45.0
P 44.5 27.2 44.7
OL 44.5 27.7 43.3
01 44.8 28t3 45.6
050' 4516'26;.1,44.9
CS'~ 46.1 25.8 46.2
C4' 47.1 24.7 46.1
01' 46.5 23.5 45.6
C3'1 48o.3 Z4o 9 45.1
C2' 48.8 23.6 45.0
02' 49.o6 23.2 46.1
Cl'1 47.5 22.7 44.9
SI 47.2 22.6 43.5
C2 47.7 21o6 42.8
02 48.4 20.8 43.3
13 47.4 21.5 41.5
C4 46.4 22.2 40.99
04 45.9 21.9 39.9
Cs 45.9 23.2 41.7
C5I 44.7 24.1 41.1
C6 46.2 73.4 43.0

I Y I
OR #8.8 27.4 36.6
05' 50.3 25.6 35.8
C5' W9. 25.6 34.5
C4' 50.1 24.5 33.5
01' 51.5 24.4 33.4
C3' 149.6 23.1 34.0
C2' 50.6 22.2 33.2
02'1 50.1 22.2 31.8
Cl' 51.9 23.0 33.3
19 52.5 22.7 34.6
C8 52.7 23.5 35.6
17 53.4 22.8 36.6
CS 53.6 21.5 36.1
C6 54.5 20.5 36.6
06 55.1 20.7 37.6
Al 54.6 19.4,35.9
C2 53.9 19.2 34.7
12 53.9 18.0 34.2
53 53.2 20.2 34.2
C4 53.0 21.4 34.9

58 lm-adenosine
03' 48.3 22.9 33.4
P 47.3 21.8 34.0
OL 47.3 21.8 35.5
01 46.0 22.0 33.4
05' 47.8 20.3 33.5
C5' 48.8 19.7 34.3-
C4' 48.5 18.2 34.5
01' 49.0 17.8 35.8
C3' 46.9 18.0 34.7

55 paeudouridine C2' 46.8 18.2 36.2
03' 49.3 25.7 45.7 02' 45.6 17.5 36.6
P 50O. 26.7 44.7 Cl' 48.0 17.5 36.7
OL 49.1 27.7 -44.2 19 48.3 17.9 38.1
01 51.2 27.3 45.4 C8 47.8 19.0 38.7
05' 50.6 -'25.7 43.5 17 48.3 19.1 39.9
CS' 51.7 24.9 4398 CS 49.2 18.0 40.1
C4' 52.0 24.1 42.5 C6 50.0 17.7 41.2
01' 50.9 23.3 42.0 16 50.1 18.5 42.2,
C3' 52.2 215. 1 41.3 Il1 50.8 16.6 41.1
C2' 52.2 24.1 40.2 CIR 51.8 16.4 42.2
02' 53.4 23.3 40.2 C2 50.7 15.8 40.0
Cl' 51.0 '23. 2 40.6 13 ~49.9 16.1 39.0
C5 49.8 23.7 39.9 C4 49.1 17.2 39.0
C4 49.2 23.0 38.9
04 49.3 21.8 38.9 59 uridine
63 48.1 23.5 38.,3 03' 46.5 16.8 34.3
C2 47.6 24.7 38.7 P 46.5 16.4 32.7
02 46.5 25.0 38.2 OL 45.4 17.3 32.1
11 46.1 25.3 39.8 0OR 47.8 16.6 32.0
C6 49.1 24.9 40.4 05' 46.0 14.9 32.7

CS' 44.6 14.7 33.1
56' cytidine C4' 44.4 13.2 33.5
03'1 53.5 25.8 41.5 01' 45.1 12.4 32.6
P 53.4 27.3 41.0 C3' 45.1 13.0 34.8
OL 52.1 27.9 41.6 C2' '15.1 11.5 34.8
01 54.5 28.1 41.5 02' 43.8 11.o0 35.1
05' 53.3 27.3 39.5 Cl' 45.4 11.2 33.3
CSO 52.9 28.5 38.9 N1 46.7 10.7 33.1
C4" 53.3 28.5 37.4 C2 47.1 9.5 33.6
01' 54.7 28.3 37.2 02 46.3 8.7 33.9
C3' 52.r§ 27.3 36.7 0`3 48.4 9.1 33.5
C2' 53.5 27.2 35.5 C4 49.3 9.9 32.8
02' 53.2 28.3 34.5 04 50.4 9.4 32.6
CIO 54..9 27.5 36.1 C5 48.9 11.1 32*.4
11 55.6 26.3 36.5 C6 47.6 11.5 32.6
C? 55.7 25.2 35.7
02 55.6 25.3 34.5 60 cytidine
13 56.4 24.1 36.2 03' 44.3 13.3 35.9
C* 56.9 24.0 37.4 P 45.0 13.6 37.3
14 57.5 22.9 37.8 OL 45.9 14.8 37.2
CS 56._9 25.1 38.2 OR '44.0 13.8 38.4
C6 56.2 26.3 37.7 05' 45.8 12.3 37.6

C5' 45.3 11.4 38.5
~7guanosine CL41 46.5 10.89 39.4

03'1 51.3 27.7 36.2 01' 47.5 10.4 38.-5
P 50.2 26.8 3697 C3' 47.1 11.9 40.3
OL 50.4 26.4 38.1 C2'. 48.1 12.5 39.4

.1x Y Z I I I
02' 49.2 12.9 40.3 64 adenbsime
Cl' 4897 11.2 38.8 03'1 38.6 '15.1 51.3
11 49.6 1193 37.6 P 37.7 13.6 31.4
C2 50.1 12.5 37.2 OL 38.5 12.6 51.0
02 50.5 13.3 38.1 oil 37.1 .13.6 52.8
13 50.9 12.5 36.1 05' 36.5 14.1 50.4
C4 51.2 11.4 35.4 Cs' 35.3 14.3 509.
14 52.0 11.4 34.4 C4' 34.3 15.1 49.99
CS 50.7 10.1 35.9 01' 35.1 15.6 46.9i
C6 49.8 10.1 37.0 C3' 33.4 14.1 49.2

C2'1 33.1 15.0 47eo9
61 cytidine 02' 32.0 15.9 48b.3
03'1 47.9 11I. 3 41.3 Cl' 34.4 15.8 47.7
P 47.3 10.3 42.4 19 35.2 15.0 46.6
OL. 46.0 10.7 42.9 Ce 36.3 149.3 47.1
0R 47.3 8.9 41.8 17 36.8 13.7 46.0
05' 48.5 10.5 43.5 C5 36.1 14.1 44.9
CS' 49.5 11.4 43.2 C6 .36. 2 13.9 413.5
C4' 49.6 12.5 44.3 16 37.1 13.0 43.t
01' 50.0 13.7 43.6 11 35.3 14 .4 42o7
C3' 48.4 12.8 45.0 C2 34.3 I*.2 4.3.2
C2' 48.6 14..2 45.5 13 34. 2 15.5 44.5
02' 49.6 14.1 46.6 C4 35.1 14.9 45.4
Cl' 49.3 14.8 44.3
N1 -48.2 15.3 43.4 65 guanosin.
C2 47.7 16.5 43.5 03' 32.2 13.9 49.9
02 48.0 17.2 44.6 P 31.3 12.7 49,.5
13 46.8 17.0 42.7 OL 32.1 11.4 149.7
C4 46.3 16.3 41.7 OR 30.1 1297 50.5-
14 45.7 16.9 40.7 05' 30.8 12.9 48.o1
C5 46.9 15.1 41. 5 Cs' P9.7 13.6 47.6
C6 '#7.8 14.6 4293 C4' 29.6 14.0 46.3'

01'9 30.8 14.4 4.
62 adenogsine C3' 29.2 12.7.45.*6
03' 48.3 11.9 46.2 C2' 29o6 13.1 44.2
P 46.9 11.6 46.9 02' 28.5 14.0 43.7
OL 46.0 11. 1 45.8 Cl' 30.8 13.9 J4*4.
0R3 47.0 10.7 48.0 39 31.9 13.0 44.3
05' 46.4 13.0 47.4 C8 32.7 12.5 45.3
CS' 47.1 13.6 48.5 17 33.6 11.7 44.7
C4' 46.5 15.0 48.8 CS 33.4 11.6 43.3
01' 46.6 15.8 47.7 C6 34.2 11.1 42.3-
C3' 45.0 14.8 49.1 06 35.3 10.7 42.5
C2' 44.5 16.2 48.8 1.1 33.7 11.2 41.0'
02' 44.6 17.1 49.9 C? 32.6 11.9 40.6
Cl' 45.4 16.7 47.07 12 32.1 11.6 39.6
19 44.8 16. 5 46,4 13 31.9 12.5 41.7
C'S 45.1 15.6 45.5 C4 32.3 12.4 43.1
17 44.2 15.8 44.4
CS 43.4 16.8 44.7
C6 42.3 17.4 44.0
16 42.1 17.1 42.7
V1 41.7 18.5 44.5
C2 42.0 18.9 45.7
13 43.0 18.4 46.4
C4 43.7 17.3 45.9

63 cytidine
0.3' 44.8 l4 .~ 50.5
P 43.6' 13.6 50.9
OL 43.8 12.3 50.2
01 43.5 13.5 52.4
05' 42.3 14.4 50.3
CS1' 41.8 15.5 51.1
C4' 40.6 16.2 50.4
01' 41.0 16.6 49.01
C3' 39;4 15.2 50Q.2
C2' 3Sp.6 16. 1. 49.2
02' 37.8 17.1 49.9
Cl' 39.7 16.9 48.4
11 39.8 16.2 47.1
C2 39.0 10.6 46.1
02 18.2 17.5 46.3
13 3991 16.1 44.9
C4 39.9 15.1 44.7
14 40.1- 14.6 43.4
CS 40.8 14.6 45.7
C6- 40.7 15.2 46,9

66 adenosine
03' 27.9 12.4 43.7
P 27.5 10.6 45.97
OL 28.2 10.2 46.9
OR 26.0 10.6 45.99
05' 28.0 10.2 44.3
CS' 27.1 10.5 43.2
C4' 27.8 10.1 41.9
01'1 29.2 10.4 41.9
C3' 27.7 8.6 4196
C21 28.7 8.6 40.4
02' 28O 9.1 39.2
Cil' ~98 9.6 40.9
19 30.9 809 41.,4
C8 31..3 8.8.42.7
17 32.'5 8.*2 42.6
CS 32.9 7.8 41.5
C6 34..0 7.o1 4-1.0
16 35.0Q 6.8 41.9
VI 34.1 6.9 39.7
C2 33.1 7.o3 38.9
13 32.0 7.9 39.3
C4. 31.9 8.2 40.6

67 adenosine
03 ' 26.4 8.2 41o.1
P 25._6 7.1 42.0
OL 26.3 6.9 43.2
OR 24.2 7.5 42.1
05'1 25.7 5.7 41.1
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I Y z x Y I
C5' 24.7 5.5 40.0 C4 30.6 -3.7 47.3
C4' 25.4 4.8 38.8 14 30.1 -2.6 47.7
01' 26. 5 5.5 38.3 C5 30.0 -4.5 46. 3
C3' 25.9 3.3 39.2 C6 30.6 -5.6 45.8
C2' 27.0 3. 2 38.1
02' 26.4 2.9 36.8 71 guanosine
C1' 27.6 4.6 38.0 03' 31.7-11.4 46.2
19 28.6 4.7 39.1 P 30.6-11.0 47.2
C8 28.4 5.5 40.2 OL 29.3-10.4 47.0
17 29.5 5.4 41.0 OR 30.5-12.5 47.1
,C5 30.4 4.6 40*.4 05 31.2-1.6 48.7
C6 31.7 4.2 40.7 C5' 32.1-11.5 49.3
16 32.2 4.5 41.9 C4' 32.9-10.7 50.3
VI 32.4 3.4 39.9 01' 33.4 -9.5 49.8
C2 31.8 2.9 38.8 C3' 32.1-10.4 51.5
I3 30.6 3.3 38.4 C2' 32.9 -9.2 52.1
C4 29.8 4.1 39.2 02' 34.1 -9.8 52.8

C1' 33.4 -8.5 50.8
68 uridine 19 32.4 -7.5 50.5
03' 24.9 2.4 38.8 C8 31.5 -7.6 49.5
P 25.0 0.9 39.4 17 30.8 -6.5 49.5
OL 24.7 1.0 40.9 CS 31.2 -5.7 50.6
OR 24.0 0.0 38.7 C6 30.8 -4.4 51.1
05' 26.5 0.4 39.2 06 29.9 -3.8 50.5
C5' 26.8 -0.1 37.9 11 31.*4 -3.9 52.1
C4' 28.2 -0.7 38.0 C2 32.4 -4.6 52.7
o1' 29.2 0.2 38.4 N2 33.0 -4.0 53.8
C3' 28.3 -1.9 39.0 N3 32.8 -5.8 52.3
C2' 29.8 -1.9 39.2 C4 32.3 -6.4 51.2
02' 30.3 -2.7 38.0
Cls 30.2 -0.5 39.0 72 cytidine
11 30.5 0.1 40.4 03' 32.1-11.4 52.5-
C2 31.7 -0.1 41.0 P 30.8-11.5 53.5
02 32.5 -0.9 40.5 OL 29.6-11.4 52.7
13 31.9 0.5 42.2 0R 30.9-12.7 54.3
C4 31.0 1.2 42.8 05' 31.0-10.2 54.4
04 31.4 2.0 43.7 C5' 32.0-10.2 55.4
CS 29.8 1.4 42.2 C4' 32.0 -8.8 56.0
C6 29.5 0.9 41.0 o1' 32.0 -7.8 55.0

C3' 30.7 -8.6 56.7
69 uridine C2' 30.7 -7.1 56.8
03' 27.8 -3.1 38.4 02' 31.6 -6.6 57.9
P 27.5 -4.3 39.4 Cl1' 31.3 -6.7 55.4
OL 26.6 -3.8 40.5 N11 30.2 -6.3 54.S
0R 26.8 -5.4 38.6 C2 29.7 -5.1 54.7
05' 28.9 -4.8 39.9 02 30.2 -4.3 55.3
CS' 29.7 -5.6 39.0 13 28.6 -4.8 53.9
C4' 31.1 -5.7 39.7 C4 28.2 -5.6 52.9
01' 31.6 -4.4 40.0 14 27.4 -5.1 Sl.9
C3' 31.0 -6.4 41.1 CS 28.7 -6.8 52.8
C2' 32.3 -6.0 41.6 C6 29.8 -7.2 53.6
02 ' 33.4 -6.7 40.9
CI' 32.4 -4ob5 41.2 73 adenosine
11 31.8 -3.7 42.3 03' 30.7 -9.1 58.0
C2 32.5 -3.2 43.3 p 29.6-10.2 58.3
02 33.5 -3.9 43.6 OL 29.5-11.1 57.2
33 32.0 -2.14 44.2 O 29.9-11.0 59.6
C4 30.7 -2.0 44.2 05' 28.3 -9.14 58.5
04 3C.3 -1.2 45.0 C5' 28.0. -8.8 59.8
CS 29.9 -2.5 143.1 C41 27.2 -7.5 59.6
C6 30.3 -3.3 42.2 O1' 27.7 -6.9 58.4

C3' 25.7 -7.6 59.4
70 cytidine C2' 25.4 -6.3 58.7
03' 30.8 -7.7 40.9 02' 25.5 -5.3 59.7
P 29.5 -8.3 41.7 Cl' 26.6 -6.2 57.8
OL 28.4 -7.3 41.6 N9 26.2 -6. 8 56.5
OR 29.1 -9.6 41.2 C8 26.7 -8.0 56.1
05' 30.0 -8.4 43.2 N7 26.1 -8.3 54.9
CS' 31.0 -9.4 43,4 CS 25.2 -7.3 54.6
C4' 32.0 -8.8 44.4 C6 24.3 -7.e1 53.5
O1' 32.0 -7.14 44.4 N6 24.0 -8.1 52.7
C3' 31.5 -9.1 45.9 P1 23.5 -6.0 53.5
C2' 32.5 -8. 2 46.5 C2 23.6 -5.1 54.5
02' 33.8 -8.9 46.5 N3 24.4 -5.2 55.5
Cl' 32.6 -7.0 45.6 C4 25.3 -6.3 55.6
11 31.9 -5.8 46.2
C2 32.5 -S.1 47.1 74 cytidine
02 33.5 -5.5 47.7 03' 25.0 -7.6 60.6
13 31.9 -4.1 47.7 p 23.5 -7.9 60.7

I K z
OL 23.3 -9.4 60.3
0 22.9 -7.7 62.1
05' 22.7 -7.0 59.7
C5' 22.2 -5.7 60.0
C4' 21.3 -5.3 58.9
01' 21.9 -5.4 57.6
C3' 20.1 -6.3 58.9
C2' 19.6 -6.0 57.5
02' 18.9 -4.7 57.4
Cl' 20.9 -5.8 56.7
11 21.3 -7.2 56.2
C2 20.7 -7.7 55.1
02 19.9 -7.1 54.5
13 21.1 -8.9 54.7
C4 22.1 -9.6 55.3
14 22.7-10.6 54.6
CS 22.7 -9.1 56.4
C6 22.3 -7.9 56.8

75 cytidine
03' 19.1 -6.0 59.8
p 18.9 -7. 1 61.0
OL 19.8 -8.3 60.7
OR 19.2 -6.5 62.3
05' 17.4 -7.4 60.8
C5' 16.5 -6.4 61.1
C4' 15.1 -6.7 60.4
01' 15.2 -6.4 59.0
C3' 14.6 -8.1 60.6
C2 ' 13.8 -8.3 59.3
02' 12.4 -7.8 59.6
Cl' 14.5 -7.14 58.3
11 15.4 -8.1 57.5-
C2 15.0 -8.8 56.4
02 13.8 -8.8 56.2
33 15.9 -9.5 55.7
C4 17.2 -9.5 56.0
14 18.1 -9.8 55.1
CS 17.6 -8.8 57.1
C6 16.7 -8.1 57.8

76 adenosine
03' 13.6 -8.1 61.7
P 13.9 -7.4 63.1
OL 12.8 -7.9 64.0
OR 15.2 -7.8 63.6
05' 13.7 -5.9 62.8
-CS' 12.7 -5.4 62.0
C4' 11.9 -4.2 62.5
O1' 10.9 -4.6 63.4
C3' 12.8 -3.2 63.2
C2' 11.9 -2.6 64.2
02' 11.1 -1.6 63.5
Cl' 11.0 -3.7 64.5
39 11.5 -4.5 65.7
C8 12.7 -5.1 65.6
N7 12.9 -S. 8 66.8
C5 11.8 -5.6 67.6
C6 11.5 -5.9 68.9
16 12.3 -6.7 69.6
11 10.3 -5.6 69.4
C2 9.5 -4.8 68.8
13 9.8 -4.4 67.5
C4 10.9 -4.*8 66.9
013' 13.2 -2.2 62.2

I K I
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crystallographic discrepancy index, R, was 39%.,. a value which compares

well with that for most proteins at this stage of the analysis.

The co-ordinates are given in 9 on a Cartesian reference system

whose x, y and z axes are parallel to the crystallographic directions
*

a , b, c. The placing of the molecule in the unit cell is shown in

earlier diagrams (Fig. 2a of ref. 7, see also Fig. 5 of ref. 1), and the

origin of x and z co-ordinates is at the upper right hand corner of the

unit cell shown there. The origin of x lies outside the molecular body,

and the bulk of the model (apart from the CCA end) will occupy a slab

x = 25 to 65k, y = -20 to 29k, z = -13 to 53R.

All bases are anti with respect to their sugars and the sugar con-

formation is C3'-endo for all but ten where it is of the C2'-endo type.

These ten are the sugars of residues 7, 9, 17, 18, 19, 21, 46, 48, 58 and

60.

A similar model has been proposed by Kim et al. for the closely

related orthorhombic form . Apart from several differences about precise

H-bonding schemes, the tertiary structure appears to be essentially the

same as that found for the monoclinic crystal studied here. A paradox

nevertheless remains because in the revised interpretation of the 3R map

of the orthorhombic crystal it is stated that the nucleotide assignment

previously made to peaks in the map of a stem region was incorrect by one

nucleotide. We have shown that the assignment in one strand of the

crucial D stem and loop was in error by two nucleotides, in the other

strand by one, and also that assignments in other helical stems were

incorrect. It therefore remains to be seen by a comparison of atomic

co-ordinates whether there is still a real difference between the two

models.

* Present address: Department of Chemistry,
University of Texas, Austin, Texas 78712

7 Present address: Department of Chemistry,
University of Aarhus, Denmark
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