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INTRODUCTION

The present review provides a summary of all the published
large subunit rRNAs as of December 1987. Instead of the usual
linear alignment the sequences are tabulated here as a series of
secondary structure diagrams in which individual nucleotides are
indicated. The reasons for this departure from past practice are
several. The foremost is simply that in our experience this
format is more useful. For example, considerable effort is now
being expended to study the higher order structure of the large
rRNAs. Thus it is common to be reading a paper only to find
reference to position X in Sequence Y. With diagrams such as
those provided here the reader will be able to readily identify
such statements in the context of the known major outline of the
secondary structure of Sequence Y or for that matter any other
published sequence. Secondarily this collection, as is
traditional, tabulates all the currently known sequences in one
place. Finally we believe the collection as a whole |is
educational in that it will make the reader aware of the extent
of secondary structure variation in the large subunit RNAs and
the magnitude of work that still could be done to further refine
the secondary structures by collection of appropriate additional
data.

ORIGIN OF THE STRUCTURE

All of the structure diagrams are drawn in a format that
coincides with that used for Escherichia coli. The E., coli
structure itself is based on a secondary structure model first
published in 1981 (1). The present version contains important
unpublished modifications made by Gutell, Noller and Woese (2}
and further unpublished refinements (Gutell, Noller and Woese,
unpublished results; Jurka and Fox, unpublished results). All of
the structures shown were established by comparative sequence
analysis as discussed below. Due to data limitations some
regions of some of the sequences are best regarded as of unknown
structural content at this time. No attempt has been made here
to compare the structures presented to the various sequence
specific secondary structures that requently accompany the
publication of each sequence, though excellent agreement exists
with one recently published general model (3). Likewise no
putative tertiary interactions have been indicated on the
figures though a few are known (Gutell, unpublished results and
ref (3). In many cases there is evidence for a pseudoknot in the
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vicinity of E. coli position 2350 (Gutell, unpublished results
and ref (3)) and when that evidence is favorable the interaction
is indicated on the figures.

COMPARATIVE SEQUENCE ANALYSIS

For pragmatic reasons the primary tool used in constructing
the individual structures has been comparative (or phylogenetic)
analysis. This approach had its origin in the discovery of the
cloverleaf structure for tRNA (4). It first began to reach its
modern form with the analysis of 55 rRNA (5) and has emerged as
a well documented procedure (2,6-8) The underlying assumption is
that functionally equivalent regions of the large rRNAs from
phylogentically diverse sources will have biologically
equivalent structures. The procedure begins by aligning the
primary sequences using conserved sequence segments as a guide.
Next the various columns of bases are individually intercompared
to detect compensating base changes that maintain Watson-Crick
complementarity between the potential pairing regions. If an
individual helical element is independently tested several times
it is considered phylogenetically proven.

The comparative method has c¢ertain limitations that the
reader should appreciate in perusing the figures presented here.
First and foremost is the need for sequences that exhibit the
structure being studied. For highly conserved features this may
be the entire data base. In other cases features may be
extremely variable so that particular versions are only found in
individual phylogenetic groups, mammamalian mitochondria for
example. Secondly the feature must exhibit sequence variation
within the subset of sequences that contain the feature. Without
such variation a region can not be structured. Thirdly it should
be recognized that the approach necessarily produces minimal
structures. It is the nature of the method to allow the
identification of additional features as the data base grows.
Thus, for example, the continuing refinement of the E. coli
structure discussed above. Finally it should be appreciated that
it is very difficult to assess the significance of base pairs
that that can extend a particular helix in some organisms but
not all. Such base pairs are strongly supported by thermodynamic
arguements but conflict with the comparative concept. The proper
resolution in such circumstances may have to wait until such
time that more high resolution structure data is available.

CURRENT DATA BASE

As of late in 1987 there were 40 distinct complete large
subunit RNA sequences published and at least five extensive
partial sequences in which at 1least 500 bases of the large
subunit RNA have been sequenced (We have not exhaustively
searched for these). In addition in some instances sequence
information 1is available rom more than one large subunit RNA
gene from the same organism. Multiple rRNA genes frequently
exhibit heterogeneity in sequence and this phenomenona may be of
more than academic interest. The present collection does not
address this matter however and in those few instances where
information from more than one large subunit rRNA gene is
available we have arbitrarily picked one sequence for inclusion

r176



Nucleic Acids Research

here. The 40 known sequences provide a diverse sample covering
the three major wurkingdoms; eubacteria, archaebacteria and
eukaryotes as well as the organelles. Table 1 1lists the
sequences, the common name of the RNAs involved, the total
length of the large subunit RNA inclusive of fragments such as
5.8 and 4.5S TrRNAs, at least one relevant GENBANK/EMBL
accession numbers if the sequence is in the data bases, a highly
abbreviated reference and a key to the complete references that
accompany this text.

HOW TO READ THE DIAGRAMS

The structure diagrams were drawn to a single scale so that
they may be readily superimposed or intercompared. This was
accomplished by a computer program described elsewhere (6). Each
diagram encompasses two pages with a crossover point to the next
page indicated. In most bacterial cases a possible helical
structure exists between the 5'and 3' termini of the molecule.
It 1is uncertain whether this helix is present in the functional
RNA or is simply a remnant of processing. In any event the
reader needs to be aware that when it is possibly present it
appears on both halves of the figure. Extensive base numbering
occurs on the E. coli diagram. On the other sequence diagrams
only occasional numbers are included. These occasional numbers
refer to the specific sequence on which they appear. In those
cases in which more than one molecule is include (eg 5.85 and
28S RNAs) each is numbered separately.

When a region contains no known structure it is drawn by
the computer program as a circular loop. In order to maintain
the scale and layout of the drawings it is not always possible
to draw large uncharacterized regions as unstructured loops.
When this occurs the region of unknown structure is included as
a detached linear array listed from 5' to 3'. The Homo sapiens
and other eukaryotic cytoplasmic sequences contain many examples
of this, though the same phenomenon will also be seen on
mitochondrial and chloroplast diagrams. These linear arrays are
labeled with a bold letter and the positions included in the
array indicated. A second bold letter specifies where in the
sequence the 1linear array belongs. These bold letters are used
in a consistent fashion so that a large unstructured area at the
same location in several diagrams always receives the same bold
letter. In a few instances the uncharacterized array is small
enough to be shown as a loop in some but not all the diagrams.
In those instances a bold letter is used to label the loops so
that it is obvious that an equivalent wunstructured region is
present.

The reader should not conclude that the regions assigned
bold letters are the only unstructured regions. Whenever room
exists the computer program draws the unstructured regions as a
large loop. A letter has only been assigned if the computer has
used the linear array display in at least one case. Many of the
unlabeled unstructured regions are rather large. Obvious
examples can be seen by examining any of the mammalian
mitochondria structures. Thus in many of the sequences presented
here local regions which are often substantial in size are shown
as unstructured. These regions clearly have a different
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Table 1. Listing of Large Subunit RNA Sequences that have been campletely or extensively sequenced.
ORGANISM RNA TYPE LENGTH SHORT REFERENCE ACCESSION # FIGURE # REFERENCE §
A: EUBACTERIA
1. Bscherichia coli 235 2904 PNAS 77: 201 1980 J01695 1 17
2. Pseucamonas aeruginosa 23s 2893 NAR 15:7182 1987 Y00432 2 18
3. Bacillus subtilis 23s 2927 GENE 37: 261 1985 K00637, M10606 3 19
4. Bacillus stearothemmophilus 23s 2928 DNA 3: 347 1984 —_— 4 20
! S. Anacystis nidulans 235 2876  GENE 24: 219 1983 X00512 S 21
: NAR 12: 3373 1984 X00343 13
Chloroplasts
6. Zea mays 235 & 4.55 2981 NAR 9: 2853 1981 X01365 6 22
7. Nicotiana tabacum 235 & 4,55 2907 EJB 124: 13 1982 J01446, J01447 7 23
8. Marchantia polymorpha 23S & 4.5 2914 Nature 322:572 1986  X04465, X01647 8 24
9. Chlorella ellipsoidea 238 3207 Cur.Gen. 11:347 1987 -—— 9 14
Mitochondria
10. Zea mays 265 3549  PLASMID 11: 1984 K01868 11 25
11. Oenothera berteriana 26S 3265 Cur.Gen. 9: 1985 -— 12 26
12. Aspergillus nidulans -_— 2768 NAR 10: 4795 1982 —_— 13 27
13. Saccharamyces cerevisiae 21s 3273 NAR 11: 339 1983 Jo1s527 14 28
14. schizo. pambe —_ 2705 EJB 169: 527 1987 —— - 29
15. Paramecium primaurelia 7S & 20S 2634 NAR 9: 6391 1981 k00634 15 30
16. Paramecium tetraurelia 7S & 20s 2631 JBC 259: 5173 1984 K01749 - 3
17. Homo sapiens 165 1559  Nature 290: 457 1981 J01415 17 32
18. Mouse 16s 1582  Cell 22:157 1980 J01420 18 3
19. Rat 168 1559 NAR 9:4139 1981 JO1438 19 k!
20. Bovine 16 1571 J¥B 156: 683 1982 J01394 20 35
21. Xenopus laevis 16s 1640 JBC 260: 9759 1985 M10217,X00136 21 36
22. Drosophila yakuba —- 1326 NAR 13: 4029 1985 — 22 37
23. Aedes albopictus (mosquito) _— 1335 NAR 12: 7771 1984 X01078 23 38
24, Crithidia fasciculata 128 1141 NAR 13: 4171 1985 X02548 25 39
25. Trypanosama brucei 128 1152 NAR 13: 4171 1985 X02547 26 39
26. Leishmania tarentolae 128 1157 NAR 13: 2337 1985 -— 27 40
B: ARCHAEBACTERIA
27. Halococcus morrhuae 238 2927 JMB 195: 43 1987 —— 29 3
28. Halobacterium halobium 23s 2905 MGG 202: 152 1986 X03047,X00872 30 41
29. Methanococcus vanniellii 23s 2958 MGG 200: 305 1985 —_ k) 42
30. Methanobacterium
themoautotrophicum 238 3019 JMB 195: 43 1987 _— 32 3
31. Desulfurococcus mobilis 23s 3077 JMB 195: 43 1987 — 33 3
32. Thermoproteus tenax 238 3031 NAR 15: 4821 1987 Y00346 - 43
C: EUKARYOTIC CYTOPLASMIC
33, Saccharamyces cerevisiae 5.88 & 255 3549 NAR 9: 6953 1981 J01355 35 44
JBC 248: 3860 1973 45
34. S. carlsbergensis 5.85 & 265 3550 NAR 9: 6935 1981 V01285 - 46
35, Hamo sapiens 5.85 & 285 5184 PNAS 82: 7666 1985 K03433,K03434 36 47
NAR 4: 2495 1977 48
36. Mouse 5.85 & 285 4869 NAR 12: 3563 1984 X00525 37 49
NAR 10: 5273 1982 50
37. Rat 5.85 & 285 4943 NAR 11: 7819 1983 X01069,K01591 38 51
NAR 12: 3677 1984 X00521 52
RIBOSOMES 86: 391 16
38. Xenopus laevis 5.85 & 285 4270 NAR 11: 7795 1983 X00136 39 53
JBC 260: 9759 1985 54
39. Oriza sativa 5.85 & 255 3541 GENE 37: 255 1985 M11585 40 55
40. Caenchabditis elegans 5.85 & 265 3662 NAR 14: 2345 1986 X03680 41 56
41. Physarum polycephalum 5.8 & 265 3943 PNAS 80:3163 1983 V01159 42 57
NAR 10: 2379 1982 58
42. Crithidia fasciculata 5.85 & frag. 4085 EMBO J. 6: 1063 1987 43 12
*
Major Partial Sequences
43. Mycoplasma PGSO 23s 869 NAR 15: 1327 1987 -_— - 59
44. Apis mellifera mito. Eand 1267 NAR 15: 2388 1987 -_— - 60
45, Dictylostellium discoidium 5.85 & 285 3471 NAR 12: 4171 1984 X00601 - 61
46. Lytechinus variegatus 5.85 & 285 664 NAR 12: 1737 1984 X00350 - 62
47. Chimpanzee 288 1429 PNAS 82: 766 1985 K03433 - 47

* Lengths indicated represent the portion of the molecule for which sequence has been published.
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structure than is seen in E. coli or some of the other molecules
but we do not as yet know what it is.

This should not be seen as bothersome but rather as
defining an opportunity to obtain data from additional organisms
in order to allow resolution of the problem area. In many cases
the difficulty stems from the fact that too few sequences are
available or too little seguence variation has been displayed in
the known sequences to deduce a structure. In a few cases time
did not permit a though analysis and a recognizeable structural
feature may have been overlooked. Also the reader should realize
that the comparative approach is a convergent one. The current
model should at best be perceived as a minimal one awaiting the
discovery of additional interactions. Thus small two and three
base helices may ultimately be found even in regions in which
considerable structure has already been identified as more data
accumulates.

5.85 RNA, 4.55 RNA AND OTHER LARGE SUBUNIT FRAGMENTS

It is one of the pecularities of the large subunit RNA that
it is sometimes genetically fragmented. The most well known
example is the 5.85 rRNA and its equivalents that are found in
most eukaryotic organisms. This RNA has been shown (9,10) to be
homologous to approximately the first 150 positions of the E.
coli 23S rRNA. Although genetically distinct it interacts with
the large subunit RNA through base pairing. In effect then the
two together form a single RNA with a backbone nick in one of
its loops. The same phenomenon is also seen at the 3' end of
several chloroplast large subunit RNAs where the last 100 or so
bases are separately encoded as a 4.5S RNA (11). 1In this case
the homology to the E. coli 3’ terminus is obvious but the the
mechanism by which the 4.5S rRNA and the main large subunit RNA
component are held together 1is not. The most extreme case of
this fragmentation phenomenon that is known 1is in Crithidia
fasciculata where the 1large subunit RNA is actually assembled
from six fragments plus a 5.85 rRNA (12). These various
fragmentation phenomenon are indicated on the diagram by labels
that indicate where the respective 5' and 3' ends are located.
The Crithidia fragments are 1labeled with the same lower case
letters that were used in the original publication (12) and
numbered as if they were a single large RNA.

OVERLAY DIAGRAMS AND COLLECTION ARRANGEMENT

It is very useful 1in comparing structures to produce
overlay diagrams that display one structure relative to another.
Several such diagrams are included here. 1In each case the
underlying structure is that of E. coli. Where the E. coli is
unique it can be seen as a light gray. The bold structure is
that of the other organism indicated in the legend. Base numbers
on these diagrams always refer to E. coli. These overlay figures
show immediately where the sites of structural variation between
the two RNAs re 1located. The overlay figures are used to
introduce the various sections of the collection. In each case a
particularly representative overlay is chosen so that the major
variations in the group relative to E. coli can be seen.

The collection begins with the five eubacterial sequences.
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These are virtually identical structurally and therefore no
overlay figure 1is included. They are followed by the four
chloroplast figures which again follow the virtually identical
structural pattern. The Anacystis sequence used was arbitrarily
that of Douglas and Doolittle (13). The plant chloroplasts all
have a detached 4.5S at the 3' terminus but the alga, Chlorella
e111gso1dea does not. The C. 1119501dea sequence also is unusal
in that it is claimed to contain an intron (14). We believe that
this assertion is not convincingly established and thus the
putative intron is shown on Figure 9a as an insertion region of
class D. Several large subunit sequences have an insertion at
this 1location. If the C. ellipsoidea insertion is in fact an
intron this would be very atypical as none of the known large
subunit introns correspond with common insertion regions. It is
possibile that experimental difficulties may have arisen due to
the propensity of 1large subunit RNAs such as E. coli 23S rRNA
(15) to readily fragment. The 1location of this fragmentation
site has been localized in E. coli (1) to the region of the RNA
that corresponds to that which contains the putative intron in
C. ellipsoidea.

The largest portion of the collection contains the
mitochondrial sequences. These are assembled into three groups
each prefaced by a separate overlay figure. The first and most
internally variable group are those with 1large mitochondrial
RNAs as typified by the overlay of Zea mays, Fig. 10. These
mitochondrial RNAs resemble the eubacterial ones in size and
structure more than any of the other mitochondria do.
Nevertheless they are marked by considerable varibility even
within the group. One unifying feature is the presence of an
unstructured region H in the vicinity of E. coli position 1400
in all cases. Structures are p*ovxded for all of these RNAs
except Paramecium tetraaurelia which is virtually identical to
P. primaurelia, Fig. 15. and Schizosaccharomyces pombe which was
published after the structures were completed. The second major
mitochondrial group are the rather small 16S RNAs that are found
in most higher organisms. Although much smaller, as the human
overlay shows, Fig. 16, considerable structural similarity with
the eubacterial RNAs continues to exist. Finally the three
kinetoplast mitochondrial 12S rRNAs follow. Here as is indicated
by the overlay, Fig. 24, virtually none of the structure in the
5' half of the molecule is preserved, though considerable
structural conservation does exist in the 3' half of the
molecule.

The remaining figures are devoted to the archaebacteria and
eucaryotic cytoplasm. As indicated by the Halococcus morrhuae
structural overlay, Fig. 28, the archaebacteria exhibit
significant variation that exceeds anything that is seen among
the eubacteria alone. Close examination of the archaebacterial
figures also reveals that unlike the eubacteria,  the
archaebacteria, do exhibit some variation within the group as a
whole. A figure is not included for Thermoproteus tenax because
this sequence was inadvertantly overlooked. The main theme from
the eucaryotic cytoplasmic sequences sems to be growth in size.
Although not all the RNAs exhibit the effect to the same extent
it is clear that several regions seem to be favored for
macroscopic insertions of new material. As indicated by the
Saccharomyces cerevisiae overlay, Fig. 34, the main theme of
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secondary structure is again repeated in the eukaryotic
cytoplasmic RNAs. Excluding the large insertions, the eukaryotic
RNA structure is remarkably like that of the eubacteria and
archaebacteria. The sequence of S. carlsbergenesis 26S rRNA is
very similar to that of S. cerevisiae and thus 1is not shown as a
separate figure. In the case of rat, the corrected sequence (16)
has been chosen for the figure presented here.

AVAILABILITY AND ACCURACY OF THE DATA

The sequences presented here are maintained in aligned data
bases according to phylogenetic type. Due to the numerous
macroscopic insertions and deletions no attempt is made to
maintain a single aligned data base of all the sequences. We
therefore cannot provide such an alignment on electronic medium.
We can however provide individual sequences. Alternatively the
interested reader may get sequences directly from the electronic
databases. When base ambiguity existed the IUPAC nomenclature
recommendations were followed. Post~transcriptional
modifications have not been indicated since these have not been
determined in most cases. The reader should be aware however
that the large rRNAs do have a number of such modified
nucleotides. 1In the case of the 5.85 rRNAs which mostly have
been sequenced at the RNA level the post-transcriptional
modifications are frequently known, though not indicated here.
The sequences presented here and the position number labels have
been extensively checked but nevertheless may contain an
occasional error. The structures themselves are the best we
currently have available. Although occasionally a helix
indicated may be in error it is far more likely that one will
have been overlooked. Readers are invited to inform us about
errors and ommissions of published sequences.
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Secondary Structure of chloroplast 23S Ribosomal RNA: 3'half
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Secondary Structure of chloroplast 23S Ribosomal RNA: 5’half
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Secondary Structure of chioroplast 23S Ribosomal RNA: 3'half
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Secondary Structure of mitochondrial 23S Ribosomal RNA: 5'half
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Crithidia fasciculata

r232




Nucleic Acids Research

Secondary Structure of mitochondrial 23S Ribosomal RNA: 3’half

UCUAUUUAAUU
Y) A
s ",
§ i
J ¢
Y ¢
y
sou, 4 Ed
M A~700
. J v v
AU Y A
A-u § A
U—A
é-6 u A
U-a A N
G-V \’ U
U=a c
oV A G u ag
ALy u u
a*avGea uucy A c
v [N reet uasc A
A
UAUuUGCG A‘ GAc UuUA ‘U
Aacu A Ayg
600~-a-y ¢ At %,
'y Cuygurtalsa,
U-A ’\‘u’ Sy
U=a A A
U=a Uy,a
G- u v
A—U‘
u
U Uu AA
A 4z
c Al
H E-g Thdal ™
o A% 9008}
X 6 - ag % W
A A-u G % g-a
A G 6 QTR A &
S el SR Y W e
A ‘_J A'SMLGA
A C—GyUuSG~
A )
y v A
A U~-a
A U—A‘A I.'
Ua, N &8 U UAF‘
=Sy T,
Ya 800 U0 Aot
Ay c—gC
—-A
Ya a =]
A U A A C
‘AA“‘U\\‘.A -8
A\ ad Guc-Guu
a Al
[ A ¢
A a6 C A
AAaauuaaaua®Sg A
TR GCAUUA A,
GAUUAAUUUAU LU LI A
M Adlu UGUAA, ,C
u v G
A G Y]
11007 ' M v
u G‘Uu\ ¢’
v A
N A
[ ‘GC\\CUA L 0
A A% 6 Yugg. ut
A A "W gUAc G-C
T % ¢~ %1000
v y A U=&A
S A G-C
A
A G  A-U
A AT\, G v v
Ao aYuuA
NTRANT y—a
(LN AU
& A-y
A I A
A AnA
Ar-u
A~U
c-6
G-A
A-u
c v
Uy6

Fig.25b

Crithidia fasciculata

r233



Nucleic Acids Research

Adc A
AVVasvcyauu? " Syl iu“uu
" e
ApAUUUAACAA

»

Secondary Structure of mitochondrial 23S Ribosomal RNA: 5'half

3N

1
VAAUCUAAGUUAAUVUGAAY
AUUAAAAGUACAAGUALAALY
UUGUAAUUCUAAAGUAVUUY
AAUGGUAUAUUUUUVAGUAGG
UAAAUGAAAAGUAUAAAUGG
AUAUVAACUUAAUAUUUAAUA
UUUGUUUAAUGAAAAGUAVY
UUAUUAUUAUAVUGUAUAGY
AUVAUUAUAGUGUAVAGUUY
VUUAAAAAUAUAAAAAVAVY
GUUAAUAAAAUUAUC
1

v
A
v
v
A
v
A
A
A
v
a
u
v
u
<
v
u
v
v
v
A
Y 606
v
A
v
A
A
A
v
A
A
A
v
A
A
v
']
A
A
G
v
v
L
A
v
u
v
v
A
v

300

v ’
a"“&.‘ 5
A A
v AVUUUACCAAUVAAGAAGAA
A A UAUUAUAAUAAUGGRGUGUCY
A‘\ A VAUAVUUUVAAAUAAAUALVL
A\ AAAUUCCOUGUAGUAAALULY
YY\ \‘ AVVAUUUGUAUUAVUVAUVAU
Cc ~ AAUAGGUOUAUVUAUVAUUUAA
U‘ AUUUUAAAUUUGUUGUUULUA
ué UAUUUAGAUACAUAUVUAUA
A v GAUHAAUAUAUUUAAAUAAE
*uevs, @ 18 )
u—a
A
2=§-200
ecd
A=V
U=A
8—A
-y
i 4
a8,
A AGUUy
1
u'" uuAyA
u, A\.‘ Vyu v
L
UAN
)
Agyf
N
Fig.26a
Trypanosome brucei

r234




Nucleic Acids Research

Secondary Structure of mitochondrial 23S Ribosomal RNA: 3’half

ATV 700
‘,A“ Yaf
'
i Ly
v 4
§ H
A
4 &
Aly %
v u‘lb ,f!‘
A4y
4, ']
= v
= H %
p A A
: % Iy
u a Y%
Y v
A Ag,
atavoca yucuY u
i et o avus €
U, uyvac v
A
a, 4 A youa, e
-y e o
) ""‘“a“\’g“c
- /U
z 2 A
= Uar
A
c
4 ¢
é Y-
A -y Ay,
A c= y v
A;-u: A A
A= a% -fe
e 8=% AZh
A= 'd,_A H“z
800 £ “#'&u'
e v 90s
' U-Aa I
i, £
‘Auu - Auu
a, v AraguY
v —-gC
a, =
< o A: c
PO [ 3o
Ak ut-6y
a u
u A Aa
A A c
A c A
Aaaauuashuas9a A
POIOIE0IAN) o> Gcauyvt A,
UUBUAAQUUAY aU SOl A
y UGYAA
Y 1100 Ty goYR At
e u
v 3 ¢ 1000
o, v
. A ¢
u ut'o:‘.f ' vt
o aA ¢ Vye e
A A ‘P"auAc -
A ua 40
b A % b-
A o-¢c
‘A A'}\’o ‘co ¥
v “M\\ ['T°] —a
Aa N e
\u A-§
) =t
A Ca
v ]
’
3 AL _uAG
c= g
-y
c U
Uye

Fig.26b

Trypanosome brucei

r235



Nucleic Acids Research

Secondary Structure of mitochondrial 23S Ribosomal RNA: 5'half

Uug a
Ylaaauyruu? Gyl
1]

>»

Uecaa
)

1101 .
AL AUUUAA L AG

396
1

VAUAUAUAUAUAUUAAAUUG
AAUAUUAAAAAUACAAAULY
AAUUUGUUAUUAAUACUAUY
CUUUUAAAAAUGCAUAGAGA
UAUAAUAUCACAUAUAAUUY
AUUAUUUUAAUAUVUAAUAY
VUGUUUAUACAAAAGUAACY
UUAUUGAAUAAAAAGAALUA
UUVUUUAUVAAUUAUULUUUA
AAAAUAUAAAAAUAUUGUUA
AUAAAAUUAUCAA

|
608 Z 3

¥-300

A

[

v

A ’

AA
Eu AN 5
u UAUUAAUCAAAUUUAAUVAA
A A UAAGUAAUAUUGAUUUUAUY
PN UAAUUUUAAGUGUUUAAUUA
A3
CCUAJ\\J}}P

UAUUULUGAAUUAAAAUULY
AUUAUUUGGUAUUUAAUAUU

R UAAAAAUAUUAUAUAUDUUA

U

aus y

GUUUUAAAUVUGUUGUUULA
UAUUUAGUUUAAUAUUUAUA
UAUUAGUAAAUAAUAUAGAU
A Y a vua
uel's
Y-4200 183
£z
3=t
§. ¢
. A
G-y
Ay
SuZa,
A AGUVy
3%
A\
UuAyA
u Ac\:__AV vy Y
P
AuA\\ AD
8
LY

Fig.27a

Leishmania tarentolae

1236




Nucleic Acids Research

Secondary Structure of mitochondrial 23S Ribosomal RNA: 3'half

acaug,
cv Ua,
WY A
A %AAX
] 8
q v
v
£ j
()
- 'a
oo Y
pd u [
N A U
. y
Aavaca Aovedd Ay uha
a*avace uucy c
& "AYaca I vuag’ G
U, Uyuee v A v
S, N A k":“ ayot
z [
-yv Cuyoua*al,
t \; ’ €
z v’ Cu
= A A
U Uya
-u
A
u
; g
U-4 uAy
z uY " Vs
&zd ¢ A
v A-Uy 4 A
%B.uh g % a8
I U=A
s Bh3-d
-800 O W T
A 3,19“; )
I %
' oV
v 900
1 [ u
A g—A% A
Aa ut 'Y
N -
uuh v ‘“!uau““c‘!l
A, ¢-at
v, =
A urA A C
LAWY ¢z
AN by
- \gaAt gu-%uy
u! A LN
A &t c
A A
AarauuaRhUAGSG A .
TESTENLRLE »- acauut s,
AUUUAAUUUAU AU ALl
u /AUy UGUAA, \©
A 1100 ¥ @ 1
u e Y 1000
A u u
u (T v
A A ®
%\
N andNy s A‘Uuu ac’
U A W gUAc z
v v %
v y 4 &
A
N Sl
A A\
A U“‘\}/‘uc"A a:“—lx
AL N 3]
u AZu
3 58,
! a
3! ‘AA- ApA
Az
§_
¢ v
Uye

Fig.27b

Leishmania tarentolae

r237



Secondary Structure of archaebacterial 23S Ribosomal RNA: 5’half

Nucleic Acids Research

i,

,

, )
e
100

g
S

U

.llllllll

[
- “\
- e

1

mc w m m»m
. QA
@uu@mn _.._....
R = O & \
m "\m - \
i34, 1
o \J ~ )
sy ! /
7 1S Sl Q.
v, ! ; ' 2 Vg p 5
L v, ) $ ¢} 2
s .______- ====== FES o w
3 ' »=
B, : . g \.\ ' @) £
= 3 N = Q i R= | =
; -1 C0, A= N ! w g 8
___.__:.._._.. o 4 _“r.s\& Y e . ®
- / \\\ < i N £ < o3
ﬂ ) Tsh..ﬂ_i: ARG £ Y, Qg
® " 1177 . 2 m
§ ./z 1 QS: 1 i wxu
3 - . \\\\\ G
i ‘], i ,60‘ §
2 LIRS W/, io4) :
te /17

r238



Nucleic Acids Research

Secondary Structure of archaebacterial 23S Ribosomal RNA: 3'half

28b
Halococcus morrhuae over

Escherichia coli

Fig

r239



Nucleic Acids Research

Secondary Structure of archaebacterial 23S Ribosomal RNA: 5'half

vAa 1205
Acanc‘°°“afuoo° °<'luu¢.a .
ugcca :;;uacwc‘ RLIU o\‘
Y N
1600 ‘.t "0
o °°\°\°\u :
lc\"qo‘:“l_ &
[t
58 H ggg_\sso
‘500‘ ¥- 34, :
£
uuc&?:uu{ 3«0 %cunuoc aAUCayE ‘od’
Q@ b it [SEINRIN:
Acaccavucus,  cEU uaﬂcumo————c%
A8¢ -
as " e
o gves acconoad S
daﬂc_s s TVl H
a.l‘c‘\.f Vyoy cucur.cu% {
3
Lo\ s %o
oy ‘ggg"‘.ﬂe‘-mes
28 LYY =4 8
- L) O
i aes-g 3 £ Hey
:% %:E us_a.“‘-‘“u‘
" -t 3-&
“ca G‘cuﬂu‘ \727
" l/A,‘c
‘occu(:““'; [ ccaacc b I
%, A Mt
s, N oPoaddy
~ - X
f\ :AQ{\,% %‘“f‘ Iy H
N a
ok vy A i
£ Al i
& coadi g— a
&, v S N 4
3 f g‘ 900 6" %
S84 goc! o c-g A% Y
S St S AT ) P
AT gV °r:§ Ae‘uc\ %9a° s e q§_ 2
& 'S 'ca®ad® Y :g;,cuc - §“A
Ok 8= C I caf:ﬂco AV gy M A g
el R > aocuag - ya¥S § ek
PO §: + ,“5 . 55 i 24
5ot RE Wa ¥ 00 8 g $=
5. & Jéc cou"q, bty ﬁ:*"oo
Sgeh o mou“ﬁuouoaq N asac,, 27§ aaé>a,
AR &;‘c cc% scovtad g H o “"ﬂ‘§7§ $ v Aty
~ v v N
) PO Lo ] Pt R
ef-dy Tl cayasccacaavace 4~ a & “fat € g aalE
e iuccu H e A‘g\‘ s 00 - Aact o4 c\'a,f
‘\"55;‘ CZ708-742 s‘a Y :c\c Cauueix N ‘a
1000-&> & acd=Cy &
%3 e o c c
) o e o8
> Yaca COAGCUC AC ac
~ P v A"
bed > ‘ua‘ lrx:"co ) n‘f:co-'ﬂs <
"cangu® G i [} » A@ &
’ A < G
< ol
AN & &2‘3‘“ o“
[gasoAcs Ny ‘l‘: B
J ec‘ ““ca‘Ao :§A

£
o g oca
FngSO A.,a:‘&.‘e%uc‘:;w" @acea®ay Caucoovad
H g ce! “ou oo, us RN
Halococcus morrhuae oeiaon A,

r240



Nucleic Acids Research

ocAla
S ore
Yuacau

Secondary Structure of archaebacterial 23S Ribosomal RNA:

3’half

cu
A A A
c c t-¢
A I3 -
cA A a §:§,
s _A Ly A GcAc-n‘:??oo
8_8 v G G C
U-Ap c-a A [}
A u aU-A & c
A 4 Vg-¢ S &
. z
e M §-§ Cuac-g*
—ch - ‘Cu‘ g—A
- 6-Ug T4 GGAy a6-C,
=§ 1900, 48" days c GGUAG %
- -0 \éf @ e A
- = ~ y CCAUC ¢
T 1A S Auaaad
& v <y . ~ch AaA
Aca A U uAG, =
A ACA Auce c -
1800, u 1 i M % =
Kt An veuey, GUAGG uuce, i e
c-G LYo A ue z a%a
Pty - Q@ oS, - ¢ o
§-¢ = Acac % - u_é
£ : T & i
z - UgA -
§ GCAGCOAC g k= [ 8-E,uac =
rsaaay’ V¢ cod- A A s=&v 1t G2,
artin, : 2000 —aeyoch A e
GCCUO Ay oy e aaCUYAT “¥aa 2310 §z2¥
1750 §- ¢ - A g
A ¢ - A v §:8 fasc
- z &c
- = o9 Y- g® u4§
- - - A -
put A e G- = 3]
- §-9¢ §;* fa. ve
-e- -4 e € cc cnouauucu c
&._02050 §:suu° 0 I0-0id0 4
hag—g . a, c‘oucacuma K
8:8 §sahy P88 2405
aut-8aygy §=8 Paca _¢A
A —Aa
Ac, AZ0, -%%c0
CH vg—ﬁc —-g*
. put z
co "Gcaa a_é -
ol 5 iy
uc\\ & - c
% \ueu AG‘C_GAUA Ypol
Iy
e 2100 <, 2500
ccccc é‘aon‘\ac [ yl
PORNLU o)1 4} agu® UCACCCG GAGC‘
83000UVAUCY, CO BRI
M UCq, £6GUGAAC,  Cu, A
% A Cao
M o £
2670-¢ o °
A Ao vy ut
Y : \.‘:‘,a ugg - yo
A G-
¢ 5&’}% ve g cqh I §
£ ¢ N Necu $ -
\ LY o u A -y
N C G %’ A -
A Sagg-g A Jo =
A & § it G
- N
G szt acucalAq S 5 .\‘“A g:
y A e A A 8_§
3 i LUUBAGL, ¢ ,‘ ~C“auccuacecouse,
o rEaenc g cac Sobiaetitlar b
- 7 GchAty, U c
KEN AR By - 90
co-& £ & 3 FEEN
A=y LIRS ‘QOA A ¢ §T§ 2590
= Y % % Syl
2 QOO\CC Gaa ‘c A 85 %a < Gq;’t% ‘
c u GeA e’
) [ 6 Y
A U Y 4
vy %
g._ G
g¢
AsG
QA
c-6
A G

»
o

Fig.29b

Halococcus morrhuae

r241



Nucleic Acids Research

Secondary Structure of archaebacterial 23S Ribosomal RNA: 5’half

LYY 1600
CLTWRPPIRN ot W TS )
acurbccy L1} L) A
b, G2 gttt o,
‘u.,c“wmqg_g U CGac UGCCo AaGGUACUVG ‘ac.,acc “c‘
< G,
z N 3
[ch6=E-1200 O <
° 3 ac;cG“, A
“"":a"‘ ¥ “.;«‘Gccc‘ o<
§-¢8 (R g-¢
£ ]
by v
-3 A c
gT afVy < 3
e vl %y
Vg —-C =
fs-s, bed &
s ), %23 1500 s
F, Yy A AGUCGAC SN
e e oY ¢ ‘sod %’Accomd’us‘ . \‘ca"a
H u A baeiiies 1) TERERERS) ¢
% ; watiiad flo,_eessiliicls Lo
1M1Q- an‘“ :é-g
o Vs

315 ¥

2{“ avu® 2
. Al 'y
~ 2% auca acconead s
A, AN YR TIY IS s
LN - Vg GU CGGCUCCY A
s r o g
%

- S
-t S
A§:cﬂ G“_-‘\ G“é:g%’ ‘:':‘
ME e L7 Y
z & =
§:8 :- < g; A‘e‘:‘ “c u‘l“l“‘.",,“I
aC4, ﬁf':' f\“ - -¢ & ,CCoa,0
% - a0n=C i g_ __%‘ 5= g
D vz $-h 8-&y
o ° a VTha, aSuvt ‘
¥ c e, "‘ 1707
UGs L)
<< 14
ettty ! % g/ 100
i A Eevaod’
fag. b joeudd 755 Sy
R Ce AQ{; f l°c~°“° a
"~
2, : N H
& cf‘g W S H
S
% - O ‘.'8 4
N SO iy-650 4
) 50cE, : §:§ \f,“'
: R ot AcCiLy At
=~ 4o, (2 \
.:f fagv"o ot s, g § 2
& yzd ‘e Y e,;;fnuc 8%,
AT 3 % . o
Lo it LR A G~ g R 1
wCls H
1000-4 “‘g e‘ﬂ‘b’q} 4 g E:g-uoo
A Nyt -
a =~ R <
Frpe F g R T N b8,
vd =4 v s g 4 u"\‘ K y "
c. v \ ICC auaccaa’~gng A -8 A
sgY ::\ ‘:fﬂwly el s ‘{~ o 2.3 . c §_sc evy
S b ° - N 4
¢ % A‘c:;:#‘" vAUGacCaca 4‘5 500 ° PO ’:t‘{,A“’ Vay, ‘./ff\cc‘
@ - < ACAUUGCaAG ~ ¢ & 9 a2
freuy Yyye’ aaccacc dalcg‘e N " AncS X
3 Ciese-722 o £ Monanng g c e
£2, e ] H e §‘ J s
~¢ 3 acé-Cy < A
a6 Y. e‘f “c.. c ¥ 3
Sl i preeiigy . :
> A 'y cu! A%%g [TTY
Acf "“ g avce "" CLATL clc'a'éé Al‘u:‘ Sae
"oanat® G o4 e 3‘ ‘& ) AVGACUCJAC
- s K
’f’i & G;gu‘ 185+,
- on 43 S a* e
y A/‘ v Caac, c.ca_gn‘ ¢-¢
§ ¢ e -% s
SO, A #8320

)

. A oq‘om A% 0a, [ <
Fig.30a PSRl St
Halobacterium halobium 3907;,.,-: e .

r242



Nucleic Acids Research

Secondary Structure of archaebacterial 23S Ribosomal RNA: 3'half

Ty
§:d
1900-§:§
2 _°¢:: Y
s 61
% . by Ata:_g
- U -
S-% v o ‘n" cc‘
P o ‘322 £ c
Y c “g:c < oc
‘e A‘? §:§ cu A"u“:“‘
- -y L7 6AGy AG-C,
- u-a ék (] & ‘amuoa %
- 8-C  §~ [ e c
= :§ S v geave,
A < .
atern It Asaa® TG, g 2200
chu A aucucy, cureg vuce, 4 g:
c-6 Ag_ch . ue *- AGa
£-¢ £ N s §_2
e-g - acguYq”, % z Yt
é-¢ —g-2010 /Ny - A=
£ ol = Vol b8 i
— 8 GCAGUGACYC A = G Z&cAc ped
ccSUataacau da- A a-¢ "“'“'mg As-g‘i
Telreli) - SaA
Ye ‘”Gcccua‘uuo.‘cqacu“f:‘c {_ 100’ 2/290 §ogocc
: -2 AGA -
1750 ‘§ 1 é: &% 828,
g: ag % - ¢ é-§
$-8; o2 Y2 528
%:e“ ‘é'_% = A Ve, c
§_‘ ua:!\ “8acd 'casuaucc* A
A Gy 1] 06104 -
9 [ oY G Guc J
As—g U=Ap
z 2100-y-4 ot 31
603-35%‘ ;:gﬁ"cgbf Zas
Ag —Ua Z4, %o
Ya, ;:cc -¢
A(:° GCq ‘:§ -
”.,cc\\‘ f g:g f -
0 u KL - ‘uA‘ aaV
a o’ <
Y
g inecsumnened it
AVCL Fo UCG,CAGUBAGE. CU, A
o % ¢ ‘2
e % I
. 20 2600 o
v Y N ()
uq" ;ﬁ\\\‘ u“uoé ) .,o“‘
v ul"c <
N ’2900 ‘c ve Q\A g-g
SN acg b ° 28001‘3& S uc‘.@ﬁa:s
¢ A N -
H §:5 ocuca“‘ “ \‘é“c‘ §:S
’ A A 8-8
3 c CUUGAOC‘Q‘ b4 2700 A* Auccu?cf??u °
Aa Acu{‘ \;;ocA ,’,g,‘llg“c“aotw . d oo?cmcn“‘
at- . 8 2 v ¢-h
- uARdY aas’ £ & §73
. ¢ \‘Fﬂ‘ u -]
6C-Gq u , s, Uye
& s, s 9 acatyl %,
& 3 aya e
s 8 o
vy & aﬁ'\::fco
- ag*
Ao
-
‘AC
Fig.30b
Halobacterium halobium

r243



Nucleic Acids Research

Secondary Structure of archaebacterial 23S Ribosomal RNA

ua
v "
#%%4gccatccy 6coy,
RTINS oo}
CGGU, GGA v CaG,
Ay Gt
E-C
A§78
P S
i
-1200

G
A Y
ucg 6866666
auo! yorien
aseuiiii Ll 900~ cuccee
‘ua“‘“c‘u‘c . N :
0
. u® ocudh 750
é?‘ fca »’5.% { §A
5= .
§~¢ ¢ P
Al Agy Elcr
i EF
Sc\ A veot S
6T
A S N
:§u &9, v
¢ hev Terg
&4 I
W63 - s
. g g a
1000-4*5,8 R c ¢
CEJgh e A
ue= =~ 5
3 % LT YO Y
‘i & g:§ Veyg' A‘f‘c“A
Az
Ayt v9=Ca  ca,
§=d < asau® fsucccuca,
8~ W Wb Liong
< UCCG  UAGGGA
U.LAA Cuc\‘a‘%co %‘Ga ooag
FAY A 800
h ke CAAGUCCACA
& ¢ GAAUCULVAG
3 Y. d GGACGGG
=g oc . i
< Cie95-721 4
~ y
A s
aaé t
A
Gcé.:c‘
Sy
Iy
[

Fig.3la

Methanococcus vanniellii

v

GUCA GCUGUGGE
ok

UyGU CGACACCU

LY S ]

1400

1600
)
AVaacGAGRAL,
A dtle '

.
VgUVGagaced

GC LU
SN
CCOAACULUGE
G A M

a
cacn P oacu o

L
GC G Uuca
oy

v
woGath’
[4 Whie
U sy (N
6\J\.lc g
¢
G
a
v
ca §°
G A
g-¢-1510 o
P <
& ac e
%, < are g
CAUCUAGAUAC GUUAGUUUC 5
[N lllllllllllc“lé:;GG
GUAGAUCUA GG, COAU
a £V g-cY VAGAUCUAGT, T
34 2aad
& U,
x (]
c
S-
4-1700
H
G, C‘
s
7 A
§ Vea®
Cuagals,
i
ArVCCyaY
G
¢
&y
)
1740
ava
I
/‘ Gc
’ H
I ¢
v ’
cAY 5 A
¢ g
I Iy
< v
< c
4 P
o v
S
Iy
@ ¢ .
3 ué;\ I3
§,-s00 . g
N N P

5'half

r244



Nucleic Acids Research

Secondary Structure of archaebacterial 23S Ribosomal RNA: 3'half

€%
¢ ¢ c-6
y e §1¢
AA A A -
(] A U—-A
1890—§:§ S . ¢
- _ -
L] uG ‘8-8 AA‘_UG
A u Ug-¢ H G
G 6=¢ A
Gc R Y-k Cu 2200~V ¢
=g °‘“: AN A6Y%u A —3,_-,
s [ =t AT 4 GGUGG Y
- H @:cc A 1 c
- c§:§ &~ 2000 Y ceace, £
4 £ G- v o~ v V.U Caac®
u -
A c u Ag
, ACanaca ACGCC uAa, z
i T LEEET nee -
. § AL UUUGY, Jecag uuce, A .
Uya -
. A - A “a“ . G“c v - CAOG
a z
= ACGUCTALY, - u
z < z Z
1800 - Ven : §
day T gcocAGUGACe, (6 s - uc‘cccuu é=
86%%a*cancu a - iy :'
Tesiel - c —-AC GGA Y
Y% - tCa 56 -
CanlVeCUCeay s acaacuBl; _&he §c
. T AVG,
z ; N -
§: . O N
A - A v i
G- z \ i
c
= 7§ g% My- 9
48 878 &2 4T gz
ATy 6 U ¢ ys A=
¥-a g8 %TG g— s A CAa
1750-,8-6 4=k §_ WeEzdoc ¢ cuuusuuactiag
AAu-AA ‘:80\0 " NN SN EANT] A‘
%A_x v 2300 ‘GAAGCAACGC
G= YA
§¢ =A% Ag-gS
ast-Sayg g8 Macad” g4
A A=U A=
°c, H §24,%cr
. $xf2500 §2
% ¢, 2100 2E~2500 &
A A = 8_
ey Yeod éa S £
\ aé-aa c
\‘G . G U“ AGJ
G A c
A
cuucmauam‘oc [ cAa
i mu auceeacs 6aGCe
ouAeaucaucu cs Tee it ¢
v v Jeq,Fescacce,  cu, b
) c
uG s, <
u
v
5 ¢
2690 ety a®
v
& & BV Sh
a’,g{lucc‘-@’,’% ve o c“:h g;§
Yo %~ (% A gTu
s, - LA & A-U
MY PAGage.gaa® > VN, MG UG o
b g4 A M‘Q.,u“?\‘adﬁu Sa-u
3’ G-C— uccca‘“‘e as”c s -|’f,5c §-¢
A e A G-C
A
c  UUUGGGE,GA : c ,‘G'CguccucesucuGC
A
-8 ‘A"N\\G acle ucy, Y, Isé}.}\(l:::t.u G
Za A C%’,GCC UAO va o gV s ‘C
A58 W, A e” u §-¢
6=¢ Entoan & ¢ §-e 2600
(TR OV S S
€=s, u c
8" %6, H e 2805 Spcarsla, “V°
< G c A c s,
[ u Gah e’
5% i Gttt
c ~ Al Ve,
y 2900 )
8;§ %h’f
2:‘ AC
=t
2.4
t-o
§”%
Ueu

Fig.3Ib

Methanococcus vanniellii

r245



Nucleic Acids Research

Secondary Structure of archaebacterial 23S Ribosomal RNA: 5'half

uAa
aCa vee WU A Sy o N
bttt Il "ff u: AUOOCG‘GAAC?TUG$F Becu s,
6, C0aGg,004 Cy AG, A Tltesssst ' -
'ay L& o%au L A C UgCChagagadauy cccx‘a”uaca“ LY c
3:- A Aac ectY
1200-6- v CATAY. O~y 7
AU u LA 00
KL " e
[ % c°“°c\u-"o u°
Nreg- Y 00y v
T§ Yuyr ¥ §
42 &5
2-8 o P
. A A v
g-g v 8, 9-¢°
8" U v - =<
Gg.c =g g g€
,S-c..A §-3 G-Cy 1600~y v
3 N §-¢ v WG
d b v =Y, v oAcEN G
u V! A f o X
M 9 youct %au8 'Bua“‘ %auvccaoauac Haacuuc @
. H gous Sd had Sogecmannte Toomer
aA $ 4y00a,qcC00, SCU | gCusaUCCfag &
. Cd Y §: Yyt 2and’
y, 0 1500 Qv v,
SAAuUA n <.
> v
~ OUs  gYCA GCCAAGGG S
Ny N € oLt e
{ EUN N Uy 8y CagUUCCU I
o‘Pa‘\ AL b g
v
2
C
v
a% AVo
a-Cc 0‘_ A
A=y -
; 8
f £= 4,
¢ : s 8
Y - :
2 : 4 9-gY
£ 0% H § 2 §-§-|oo
A A z
1 P L7y ad Ty b=
AIye < ?oml’“\wcoc:;z} c [ ,A0U3C ._ﬁ A9€=3, . v
' Y . e ke a P - v M U,
P mf"‘: W W M 2 c“‘xf,:% g Yy IS sy,
&3, 900, Ao’ . @ PR £38 &2 ;;,a"
h A - udlE A
é‘~§ LR caaguccaca o ALY £3 L0
- < GCAGECULUD ¢ & 3 ¢ S
v 9. UGCUGUGAGG Aac® *\
<4y 'ac 3ACaa0 o
b < "
Ny - A
£ C:rag-784 & X
o0 y g
O aacuusasico
1y n
AcuCyac KIN
a
ucq [ K T 200~
A - A
. A A a
’igc A A & a
A ~ o R
Uaaplode &0 o
~¢ G _}? ot
P eyt
A — o A
t 4 ak
Suay &
Fig.32 - gu'lof“glceuouau&ouow
|g- a e Cls TR b hibh b
. . N %“W U ceauUUCaUACCCaUA
Methanobacterium thermoautotrophicum LY ccuaancuanaccecuucacaay
YOUGUUGGAAGAUOUGGY
QUUBUCIAUCABUGS
Al260-314

r246



Nucleic Acids Research

Secondary Structure of archaebacterial 23S Ribosomal RNA:  3’half

el
- GOACGUGMGG‘UQ

UUCA
§:4
2ooo—§:§ cc
o v 2.8
A o §-§
va A a -
a_s ) ) 4
-8 Yang? i-g
a“ %, £228 LoE=-a,
A u Ca-¢ a [
u G = LY
< v - ag-a*
_ch - ACU, 3
s G-Un & N avay 2828
828" gopt & el g
s - S s 1t c
- §_§ ~ Y ccace,
. A %Y s u, o ”§- v CAQ|A°
AT AAACA ACC v T
) . 6&&,2100 ”?? c: g 2300
£9  Aavvuey guveg wuee, A ez
U=-A Ag_ch A uA §: o
ey = c'fcc . &%
£-2 z Acau® q‘:;fh‘\ . AL A
£ WA - ol : 2
-ucecmumc. - L] Ly, AAC -
38 G‘GAAGGGGU o . a-cv f?ffum 8'“0
ullll e c Y=AC _,060UG A v
u ) -
CaaVaCOEBG Yy, L caacUAAT §_Fao ﬁ_ggﬂu
1850 §_ g; AU%a, —ga
z ; A §-@a,
a < A ¢ tuac
9= 5 o0 By aC 8_§
g- 878, 9% Y4 2400 ; ¢
- 3 87§ ¢z
£ Bk E §-§ LA va
R cA L 4c@d- accc *cuauacuce Cy
A et L 3 ]
Y v
-4 §=8%0, 008285
- - it 34
avi=%au,, 2200-§=§ “eac gz gl
Aq =0, =47,
e =
Y, -gC pu
X =
(') &,GcA g :g
uc""\ £ z %
v c“ ab-8a, %
a0 a, Yec
a o c
Y
A
Sucecaaban ac LYNP
PRI TS aouooucocmo aadce 260
SR 1) e
M “F ucqycaacoucc CU, A 0
u aQ
a e c
v [} v
)

v
v
2, 3 acq, 03-2°
By va g -
’ucccu v d ’ uccm}':f““ n} :
3 °Uuuuu;g ¢ s, ‘\\'}cn“ 8“ -

- ‘AA=-U
E.ﬁ aceaalq an®el, dd“" Y
e . .

et _§
YUUGUCC, “ c a8
Ladbiirine

A : Auu:t:ummuw"0‘l
P aou }\-%
ug: “.f ul%%; c"cuc% %' ‘AcccAcoAc

\ ¢ 4.
3000 %; peds et s Y &7g-2675
u2© "%, H e %a ’ﬁq\ Vyo
e e .,
Auy_ad’ 2875 .
vy e,
vt
) ~2830

LooRnadPpec

[3
T

Fig.32b
Methanobacterium thermoautotrophicum

r247



Nucleic Acids Research

Secondary Structure of archaebacterial 23S Ribosomal RNA: 5'haif

1700

uia

aca Wi gy o .

£ascrved’albe ‘s .“uuc““aoaoﬁ‘* %cas o,

A, E L 30A, Cuca, ¢ ‘il 1 easaify .

'ayct 9% - 6CCAUg, 0aCCC cq“foce“ %, .
= Y, acUSy v
= (] 1\ gad

‘c‘ - % cc‘ \c o
H AN ¢
T
ug- y‘ﬂ\\‘coa"‘.g-g v
1200-§= 8-t
& o o
[ v A, [
.‘-g -g % v %
AAG-Co, ]
* *e, = u °

1600
A \5 cAcaboomod " s q‘bncauo Y ?

!

<

cc“lfcu §: ‘nuueecvoc“guo ‘i
=9y,

s pacucs® 1300 1500 )
Y c
e tla el 3
Aad . ﬁ u.;ié;uuﬂcct{‘ “—IBOO
Mg

T
p-Ees s )
‘o,
Lind
2
Soc>
»®
@
,
=
o
Q
o
‘ﬂ
s
000>
(3L
annec
&P,
o Neps
.n Pﬁ

o
.ﬁ%;
[-]
S
/7
’
‘s
-t
SOOOCIENOOP
eoc
S 0ot
[J
AR
Me'
LS
10
o
> c
o-8
88
it
I

% oy oat?” 7
Y ¢ °A‘ ‘c?c 838
moh
o v v
: Tifyed
{ 0 ,‘a cg
§rag-g 0 e
‘e" P g2 700 4
ua, ~‘ N H
G \\ < ‘o
2 810, f:g %
A < AR, S o
o e, s i3
b4 of Sug, §-g
43 H ‘;3 A6 ot
d A ‘ N \}c*c Auacay a0® 'Y U:A
4 "‘ec.,, .&*2 }f‘ < 8
=00 g Jg-600 c 3: ity .
1y M?"ém : N Y A“““‘“x E 2T " 5 A.c‘\p;;-no
s il giopd ¢ AR P - gi
y cAQeCCCAcA S8 o ¢ %1 aadV O~
ACCOCCOCAA > 9 e g A f
it ~ e, A fac? g4 p¥
ot 2 ‘c“: Coaraag: K o
C:757-792 { '\ acd : @ a
4 asd-%, a
H o c ¢
K o" 00 aacucaaacac 4
o LRy i ; :
\}d{ acg 5% #e 250 o8 fesccihca
kY 'f‘r 4% . \{ JSdace, )t u%
*ucayac® G ;i L% H ) 3 :{“'fm
i -
d o
515 B “‘{‘\\ s ot . 200
JP AR 20 =
H L Ttepsgt z
‘.»‘g st Ja-e,
. <oy A \ » o
Fig.330 e w3

. v Q' Y
Desulfurococcus mobilis Yagus aavecc® m‘v.g :f

Adccasaucuccacaagacaaccau
e

gauduadaduuacagdacice -8
2aaciesdacucascece 5 3-390

(Y1)
A:267-336

r248



Nucleic Acids Research

Secondary Structure of archaebacterial 23S Ribosomal RNA: 3'half

cCa
8
&2 <,
AR A ﬁ §:§
o A A A y-
§: 2000%, e §:§
oo~ 828 W8T
A8 "§:§ Yoy o
c A put aCu, 2300’%:
= G-ug o' ¢ aCay A
= 3:32 du 00 u aved %
o qoeL §OHL i
c‘_c - :8 - 2 °c K AcA Aelf
§:§ A‘AAAGAU‘ Carvee’ Y l‘o?:‘ec = 4
g:g U e " B
-3 A.uuuoucA A“c\"t sbee, X gz
put - 4 - a,
g; - A‘\ucoca‘t‘;‘:;\.t}n g: 3‘ ug
1900, £28 cravaccun s 8 5y aars %
& ‘mo cac Cuagd= A §: W c‘u‘f?‘;“% :8°
|-- Vet it - A u
u‘"’u“o"““@uu“.caacuc‘: : {_ €a nAma-u:c«" oo ghy0c
' = e
& 2 o b
= E? .,«a.."° _a° §§ 2500
= ‘8“ 8 :2‘ :g RN
- 2250— :E 4-wecéac *ccasaccous
Ar §:uu° VEQLINEL- }
tea-o ¢ aac
8t 422820000 g
aud-Cayq, ?‘3 acad dTHA
6 —Ua :g‘,‘c"
e, 2200 -¢C =
% Gc, ‘&Z z
a.acc\o\d: & %5 =
c =
\(::G"co A“u Au“c'g,“
A
1ttt |?ﬁ?‘|‘cﬂ nu"aucocm ‘oA‘CU
saassaceccs cu IS c
< ucq‘ ueccncccc cu,
va cn:?c uf
, c
‘,' 2800 A c"" Yuya. A°
%% N §7§
g ﬁ,,c..«“ iz
3o T “‘°°5 ¥
e uuooooc“,‘ o= Auccuamou“c
b= a‘j AA“:&cucu . uut‘acccccokc ~2700
c§T L
E MA \°c° 2900A “E:
¢~ % H %, ecd
I3 % ACG.A‘ Aca ',
3050~ y v
Cy—ah’ ’u“‘ec
N “c‘{’ Y
z ca®
A :§
‘v-u°
Fig.33b
Desulfurococcus mobilis

r249



Secondary Structure of eucaryotic 23S Ribosomal RNA: S'half

Nucleic Acids Research

W

g...

\

! 1
....-.__.'\

\
-
“:

\.

oo ]
\

11}

- 1
-

5.1 W i u M
® ~\
.... .. ._._....
=< 4
. = 5 ’_”_5
e 5 _\
@
P, »
=h [~
.\\ ! § = u.“. -4 M
~\\\ m , !
9..___.... T Bz $
e ! 4 = §
Te _ Ty @
= 1+ Oy BN HHF g5
.__ _.___..._-. L e T S
Qb 1.4 EOM Ot m
= {/ 3 e m ; " O
a i mw\-___!__._. 'BAROL f \\\\\. 384
@ ' D iy g _ _._u.w.m 8
H CH - 3 esib.. - d
! M ! i { :’ o0 3
= QS\S
m.. Flakie- \\\.

r250



Nucleic Acids Research

Secondary Structure of eucaryotic 23S Ribosomal RNA: 3'half

-~ -
e ,“ (,
’.:"».w A/imo
s
-
nw-
“oe e —
. ! -
- \ 1=
o) e -
o, e ~B10
oo & =
- I’&b-.o 2v0
= o
~1900
[] A S Eadd
- e ~2330
200 —230
- g 1 N\ 20~
2000 - a0 880
.
e - l.,. { oo 200
% j
20 —3 et ‘o
- 200 a o3 w0
-
2080 - fraad
\ 1
N
E
a0 2470
se y
t i
E ] E ] b \
2090 E
SHSLODH0000
Fig.34b
Saccharomyces cerevisiae over
Escherichia coli

r251



Nucleic Acids Research

Secondary Structure of eucaryotic 23S Ribosomal RNA:  5'half

LoV, e, 89,0
H ??::uf?v "w “ A“CCQG“‘UGMLF ‘\bclu‘:nlma‘
v e
%y aCCanuec ) “A= uuaavu..gxllccccnc Jpeoac ‘G‘ .
z va A, 0o aCc
:§ 1710 ‘., Ceady K
She= “.,c““
G § oY 0uc“ \\ 8
A"c“:‘ H A° %- c¥
1] Uy, o -
gz (0 IR
i . it
= 1 -<g
izg 00,12, @ e
) J o] 8-y
r v oy - §-e
1200, ,J9:5, JAVICA 3 £8 §-8
o o 538 A T
. aY v A a NC
E: & aoo‘ ‘rbuooﬂuuomu ‘??‘:‘?f \c:“
- L
‘5“ 'az “0 CCU oCAUCGI’lGIlI‘ ACACC 8
ApV A ! % U‘
- 3 aaad”
O Anad \
1795

GAN W

9Ys gUus aacouasd
“Oo\cc\A A 1Ly

Y

H

O v

n‘;ﬂ‘\\ cou:“cu\uAccn:lG 1850 &
VS 1500 ‘o, \rFe
)

ot A=
S & a.§ Aca
e d RIS =t
= e A AQGUG,
= $ ¢ V1.
;E A=y »% QUECBAC
- ATy -aV
z A=
5 BN
a Ut4a, UL ]
3 S o* 1876
cyaat ‘s '
Pttt YL
Vgouuvuy ‘o f“u%un
Y GAIAI’lIv
Cluu L] - . a ccA
?‘,d" “deody u.‘ G
£ N3 v 2-650
-3 4T A
{ 11004 £: !: £
A
A
%, %
*Vugyyced! “ ¢A ¢Acv o
wuc L %, p lrve\i‘c\‘,pcuoc
R \c-“.;..,f 5.8S
8700 ¢
‘ A 4"
- 4
) ’m“} ¥
A
caa ou
| - “"'?} a"
..,a“'"% ‘luucuc %
55 \\E‘h
acousaauuagagccucaca A
c GAGEUGCACAAUCAACCOA %0c® A
Guﬂ bttt ntin K
C:ns-r67 &
M ¢
QauUCUCacAY
-
§ooAsaacqpy
& ‘x‘ Y
- )
\e A
VAAUGRUUAUAUGECGES
B:419-636 - ‘un.‘{"

a0
A
A
cAnuuuuAn UCUAGUACCUUCAG

Fig.35a a =“\ czssumwzeasxzzeu:m:m
Saccharomyces cerevisiae °°ov“ Aln-2n E"'«g;
o ¢ =

*avaupucuuens? Cat

>

0996,

r252



Nucleic Acids Research

Secondary Structure of eucaryotic 23S Ribosomal RNA: 3'half

AGACGCAGCGAGCAUACUVAUIGAT E“G
Az
c az¢
a AAUUAACAG d34
AUCAAC G P
. _ A [
11945 -2100 - [
¢ 'a c A
é:; ") (]
U-&, a-¢
e ' AU
[ u da-¢
v v ] ve,
Ao g-o A€y -9
2§ 2200-67ua £ LI, .88,
pud Y=&" g0 u Aduaa %
- [ SN e NI s
z N
2150-¢~ §:8 ~ ° c‘uc‘lcc‘u o
R A LI u, ,e €€ 2490 "Aan
A U .
G, ooy “aad" %, 18 yeanvarnocHl 25162589
A, Uguoy YuAes cuce, A p AGCUGGA
Cagch a Gua =@g* uucAuvuwu N
A=y Aﬂu r‘\lc - ACOUUCUAGC AGa
sy =& acacOa A, - AuucAAGaUC € A
¥-a z ect A, z ccAvUCaaaa PR
go2 z 79 N - vuea 2-8
A = put
3- Eaouacaoaca, 31 2300 & 22y 8z¢
TR iy - ! H N
c -
- - AA
e ‘"o“"“'lu““coacw‘. _fe §og
z - caa —ga
1905 -5_ bt /2600 Fa™) b= L
=S 2 N &
: foesled F
= ‘! ) 3‘ __z‘g:g g.y-2110
- Sa @iz e u ¢ 5uu“°Auuu°A°
s Kdoe o bt
any Y=aa ®uq_ oMottt
e u-4 ‘Pg-cc
- -0 -y
av x"co. g-u‘%cc“ g ua
Aag =V =% %cv
c,
o £i5%00s E2
Ca R 4, -¢ 2805 5:8
cCAY, ai g-g voa.
\\ce = e
g 2400 0% 57000, Yad
< o ¢
v
GaaycadBactan Y cha o
CACAAUAVAGAUG ey acuudugacaay” ‘ac®yy
SALACOAL YA AgUAGUC, Scc,uu Ll 1S
e . UCGUUA €O
s rapuuicebin, Souy
AUUGCAAVG A [ c
UCAUUUUGCOUaa A v

©
<

K: 3148-3285 Y “"\'a ©

",
¢
va uAGa/ oc" “ ” Ug 41
sy Vauy-aa cAA A
3 5:9/ suualhy .o‘%’\\,ukuuf\uuf CAg-u
uzi \
, ruucla cc‘ “ Y "‘Au“uAccoAA“c
%_"{“ 3305 AVCHS vnuu - uo Aumu\:‘.“
z % €8z
& o Y §-§ 2900
T§ VALY 3100 c Jlu )
: § Uyo
'g: g, 8 Y
"an §u\' (I °AA%%
foaag - g

cc»a®”c ncool

Iileof 40114
CaNOPCO,, (P HO00!

¢ Fig.35b

Saccharomyces cerevisiae

r253



Nucleic Acids Research

Secondary Structure of eucaryotic 23S Ribosomal RNA: 5’half

uka
69Cnanuse O 0Y Gy o
et Jrli e 5CCCCaAGAGAGGAGCEUGECUY &
:
3 AR N ITITRERN
6yaClonuBat, 40U Chac . Uy GGG a1 GGUCEELGABACOEGA,
¢ D:2067 - 2246 (]
gy v
ca§z & 2000 AGUCGAGAGUGGACGGGAGE s
o GGCGGBGGCGGLGBCGEALE wu
<3 CGCGLGUGUGGUGUGEGUCE v uycY
& BAGGGCGGCGGCEGEGACGE u V' 65,
" £GGCGGGEGUGUBGEGUCCY ¢ € RN
& YCECCCGECLTCCCECCEAT % vy ¢
i GECUECUCCECUCCUCCLGE c-5 SNV 2600¢
: CEACGEEECICUCCEEGECT §-¢ <
S CCGGAGEECCGEROAGLUAC g%
i ¢ 4 s
°c P TP
¢ A e &
Js, cecuCeq s 5 3
¢ W N € . &
Gha Sl
& ", s 5F S
4 tCa6AGua6e 2T TN
i 3 I it e
5
G ~ GGGCCGchucAY g;ac%‘ u‘?
u % aad
H 3 as
"% paoy W8
2GS
1900 So¢ S 2 o
&8 GYUG AACAUGGG a
Ghug .~ M NI v
oF CoAC SUGUACCY X
Cag-g €L ot ‘s <
S NP 2400 SCeg
3 .

1800~

o
O TP
Suat A Gha
<8 666c” "occaaang
& F T ST
44} VGGULUCA
G
R FPaustlE,
38 o
g RO
> A AGGCCAACOCACUCALLLOT -
N t ¢ CGAGOUGGAAUCCCIABACT Ao N
~gu oye UCUCCAGUCC GECGAGGEGE ey 'ca!
‘é' ACCACCGOECCAUCUCALCE b
G sécacac o, a s
cLS‘ C:ar9- 1465 B & s
< G
<
AN GGCULGUGLGY A
: N e <
gisascac
g Rl N iy
s s, e (LN Sace ! 1 it%
-5 s
Y
ac 570 A
¢
300-¢!
s N
5288 3 :
o
AGSN Y CAGCGCEGAAUCECTGECCLGEG
WU (69T GGGEGCOGOACAUGUGGLGUACLS
M AW U 0AAGACCCBEUCCLCGEEGCCGE
R S, UCGUBGGGGGECCAAGUCCUUCY
oy 'GGAUCGAGGCLECAGLECGUGE Ve,
B:a23-1295 S, AI113-224 28
; a23- e - z
Homo sapiens ™ LC &%
. Cuag coc? 6 6
Fig.36a ecececsc®y el

250

r254



Nucleic Acids Research

Secondary Structure of eucaryotic 23S Ribosomal RNA: 3'half

G:2874-3575

(2]

das,

o8 vatacauy
Getdontle:
Yy

2850

CARUGECUABGC 6 o L o 0 g U O

13
K: 4689 -4917

Fo00c00®c acrel
S NI ent iyg-
Bcno»00, (mprcan

&£
i
4-4-3700 ¢ .
toace IRy gz
! &4
A -
€-Geo
t g 4l £
£, g gtc H
0¢ &=, K
(: E %:E _gcauccc
ey §T8, A% aAa .§:§ 4000
z ahAy
z U—ah ¥ K A A G’ G
= RE-A g AGUGG e
$ z e-g 82 v verce H
R u§-3 N %, . Vaaad”
JJ‘AAACA ‘Uqlmc "u“"‘%c put | H:4048-4128
Y - T -
) ‘AUUUGUC‘ ) A‘aulﬂg‘ ‘:‘:ccuw“ ke ror
= tsaoo‘ulucocn ‘q,"\‘ - p fo—c:
3600- z '\, = acccacucca 2:§
GaUGCaOACE, (G- ot X §:8
T e TH N
278 e sogdee
- z co -
15 d e
- 3900-378 goa % ¢ 8§§
- a "% a-% yolx 37§
- 880 %_% 8:8 lfA-ua
- = St LY ucu"“Auuv“c
O g:su“" 1 11 etii. @
EA‘_ A Gu . G AGA ‘UAAﬂc‘
4z —Aa
a- U=A a :cc
oui-Racg, $78 Bacyd §_§=
‘cc ;-ué $=G aca
o g 4 B
%cAnL = ¥ Yoy
°\°\‘;.,u¢e°s ‘GAC—§AUA‘ o 4318
% ¢t “,
oa
uﬂ?‘:ﬁﬁ‘ﬁ GCWWooceoc “gc0u,
Aoquuc‘J;cc.ux ucacua cc'l c
v u 1 quw et
o °. uu° 4400
v a“u &
&, 4505\ d\ °°c:c uu“"S' gatt
K5 e, Sy £
cuauy-aaucs® Un‘B ‘?SUG:E
s =ty RO d:cl -
3L e, %f*w v OH
3¢
: C”U°°“°°Aﬂ° ¢° "‘A-“AUCAUUCUOAAGC‘
')
§;§ A ;a“ v (\,' “c‘w“ﬂc c‘:xue AccacuuA.‘
¢z Y .j“‘ c -9
$= yAAB\alA ¢ § S-4
ué- N a ¢ u
«8,' H o 4650 e qc Vyo
‘FA - A} Cacat Gal %%
50(”’ LW " %;q‘:\. 4605

Fig.36b

Homo sapiens

r255



Nucleic Acids Research

Secondary Structure of eucaryotic 23S Ribosomal RNA: 5'half

1800
I
uAa
ave, cU*4q q
£ Cgnmuoed ey a6 ccoensrensasacabaccus g
o Logusat cucagc C EEV. e FILLCRERIINE-T O
'0yaCC00uC, A ac 480004 0aUCCCEOMACT00A,  Ayg
- . . .
8¢ D:1837-2025 2400 v °avcac‘“° Y
§2¢ e AT
ASho-C wu a0
L2 v,
foay-d ¢ Yaac %= ot
g=¢ ey g_§
y-d -4,
a )
‘JT§ s - oy 87§
:n-c v o< ‘u-no‘pﬁ\;;‘ %'i
a-c ‘o =
aafZ o, ceuc % H
Ca Aa P <oy, 00 % 3
& Y " - §  2300a £ ara
1 A
§ $ f E: %""‘“““ug %ad Y casroubacs #8cqa \:_g‘u
2 A " he ¥ e - - SRR
- ce
ﬂc .fu 2206 ZZGV&P‘“A?WMAGMUCCU g_c‘,caccacocuc"l } (u‘ ouﬁ
v, - '
Aoy & & 2210 ROGELN 4 “250011
ggooY “occuv® & < Sugge®
454 4 : GYus AACAUGGG
LN N, A VL ettnnng-
“"%:oé' A¢°°f‘c¢° CgAC GUGUACCY
ibc & A v
§:¢ o %,
O
s
H
¥ 6.
3 2%
§ ¢ ¢
A
8= A%:‘fa
A
b4

cyagd
AGCAGAATIN L A f
A L1 Lucaced [} K
UgauyuY [} Suy
I
°°"A’c'"
6GGCa, a
G‘o"c %, A-ﬁ 4
¥l
$ % 2
s < -g
g z
% p
% & :
%eycgacc® F ga X
Ny "hquCh Al
1600:&{- N "u“
- c
e c ¢
ATy A
LER Ay 1200
g aty,
‘A A
§su‘l
- CAGA
3 e

a -
£54
A FY AGaaCCECACCCA0800CCC
Sye e, GAGGUAAGAUCCCAAGACCY
~gv 14107 6ve CUCCAGUECACCEAGAACAC
- ;ggagggocccuucucucc

Ul .

5.8 C:i211-1297

[ ‘g

3

GA
ce
ac
aVG3Ga
ACUY
ACCOBAAA GBCECAIUB AN ac
AGGOCOCACCOAACCACCUCA BA QU
YUUCGCCAAAUCECAGRACCT
c
CAGCACCIAAUCLCCAC u
30 05 Y €acacouc
vatly" GCGCAUCAAAAAVGUGACIUACTG
B: 7 ra ‘\o‘,u‘ AAGACCCACUCCCCOACACCACUCa
c431-12 ef UGGAAGACCCAABUCCUUCUAALCT
%0’ AGOCCCAGECCOURT ag- gt
Mouse Alnz2-226 Ji §

Fig.37a S 0tye gegecacs®® 230

r256



Nucleic Acids Research

Secondary Structure of eucaryotic 23S Ribosomal RNA: 3'half

G:2648-3260

. £
£ 574
ACC 0:"! %8-8"
c 3.. =z
'} s
< cBg . : u§:<§=lc
a_¢ c K {‘ %,
¢ .g:g“e :373‘:3395 Q‘: ‘Fg
R A & cgzgee
A it z
-g* LN ‘ACU,:J Ko A§:§°
SaG = 878 dope u 'sauas’ ¢.-3690
z %3 ét} H udace 3
1300 & ceé: L W
' v v, Ag, = A .
G, it v il : H:a728-3818
(. ) AA““UQ“EA A‘Gu‘aﬂ‘ cucc"ul“ E c
A- put T A0A
‘:ij =g ~’\‘Ac;w“c 7N 3600-A- oo N
¢4 z 8" Cu Z $=§-390
. A z LY z cy
T &qouecacac = uh =50 '§
:‘:".":‘?“"u% . o8 sereE §¢,
YOI . A
u“‘n‘“o“““'ﬂcco.,ccacU“f? § = ~=Ml"l H ﬁ:?i‘o
~&— z co -
2600 ‘5_5: : £ % §284, 0
=§-3500 T8 00 .o 8§
= S g 3-& §:5 $75
= y-g° % ¥:3 pa-le,
- §=4 ue'!‘ “vovgd veuY%uuulc,
o =g 3 (11 ett1- ©
cAA—g e G CAOACAUAA%AV
8z g-as -cC
mu_icch %78%‘cu°“°27§2
A‘cc ~Ua ;:u GcA
A put =
a 04, " :§ §:s 4000
G oar by
okt & : '
\a‘:u"c“ Lot “g‘uA Yad®
3 : "
aanycad”baotan ‘s cA
MIINEIIED acuvavaacaac” “acoY,
AQUAGUC, £CCuUY SO
¥ v yaqpuvucacus,  ca, 4
4215 e c *
[Tl AAG ‘U uu
s acas N A, &
a . A%0%" Yuugg. ya¥ 400
T 2 3 e g
K:4379-4604 K A.c:;\/.‘,“c va® g a’: g;
3!"°UU—AAUc°c ,a Jf‘i c,‘A'?s““:‘u-
:é AvucaVA, o ’:\m\‘c‘\:\‘ < ‘ng
- a e Z
| =
Jveavce,o ..ﬁ:\ ’g A‘ul-utych?u?u?:??c‘
%Ei n‘ﬁf Eﬂn v ‘\,:‘:%wu%uc :§uﬁc°‘AcCAcUUAA°
4700-.: uan \\\;,,‘du ccA 5 :a
= Ut
:g_ v lf"‘ A KA cuucu
M E £ by
}{ *\} Caca aa %’%
r
a WA,
‘°¥;§A %‘}’}“u
g-4 o‘ao‘
u-;% !
ace 4300
2
B
825
c Fig.37b

1257



Nucleic Acids Research

Secondary Structure of eucaryotic 23S Ribosomal RNA: 5'half

l 900
v
e, Y
AG ““ufc? 'iwo., o‘ccca‘“‘almmu:uoccuuaa
o, (I:l':" u&c CucA & 1. e (- DIAIRRNIIE - 'a
ayaroou - o uumu..“uuce@mwuon‘ "ag .
?:ﬁ D:r9ge-211 2500 ouo %, cac® "g
= \
c48=¢ \ PRYL
& $ v “uc""' A f
- v G
fag-# <% om ?:?u
3:§ 3CC U c-a Cuy z
48 §:2 c-8,
g8-8 2400825 eod
2] fo UE e B
e V& LSS LY NI I
8e_¢ - R N -g
P = AO°Ceq, §: o o g:
& A‘m os:“ . £ ot
. o
£ % E: °""“‘“’"“u<?A aao \ﬁcu‘l‘autlwc: !?tl:t.u.l \;co‘“
O
! ] 2294-2349 l,c:t:u aadctataticy gaace 3
Ac\‘ J}' acaaauaa* % g §_§ 4 9 o‘)l
e o P 4z H 2 M
T & 2300 RGN Y
Epooy Aacwu & X Qugad
c‘:‘f a  gYua ucwm S 2600
Sl CO YY) h
N \\ CaAg g ouauu‘.cu &
"gzg > %, /%
&5 9 R
b / v .‘d’ A:§ Acdf
1 :§ P e = ;“. d/i_ *agaua,
800 32 z c Tha-
ysA, 'g C}&F b ‘A-Ié“ wecact
b 58 40 = 124 Yo
P S XS : 424 Y- g
o '{ < &:% &%
K a co u"u Y ‘
< - < 't oc* 2667
2 604600 0 A
qaacunel SIS o o
ASCACY wiLy ccucee 4 S
‘ueauuu"c Q A v uy, <2200
% A v a’l,,‘;‘l?
° o acvddy a*aed)
£CO%Cay b

GA LY\ -g-
%t cIl “u"' ‘\ ‘:&
~ [Ny d -
o P S8 1400.‘5:5‘ a5
-y e cA 9% A 18 'l.dch \Vgaad a,
17008748 o "¢ 28 £ Vo %
Rs¥i S“é‘\ [ § C  @%e \B 5.8S "\,ac‘%
R R i: £ ~—eat® § ¥
WYt : # g:g 1
£ ;L ady, AZy =%
< a ac8 bt
W dé=c, U= acy
‘f: A c ‘ss0c™ Nacca araq 909¢ 2 avuTe, ‘50\ X
<4 el A '\l.\ z éy
B f?‘uuecu% Wich f <3 .8 i 100 ‘iﬂ;
N Y e A
< 400 ~EV
£ ] 1500445 agaaccccauucceeagaac 3 e 55 ge a‘f‘% gl
N R Sesebceasuccaccasasa OA\J,FAAG 4 Ucal o*
. cocAccAcconcccoucucu a Aaand -y ‘v o
W g €CCacc: AQ x_. Py %
& C 1297-1386 U c <
H
g af mmmy .
s
i%‘ ‘rs FAcoASe 3 po 8 éjc.“,‘;"",m.. use
au! 'a o “ ) Rl 200 ggl 118
- A A VA’
cC c& Cancc - A 1004 3 K ot
Siausaussasa 2220 4uGaa0L g JJ f:“‘ K
36C006884CCAC MOUCEECEACCIACCECT acA Aa ?{ A R
ACCOU ac COBCUCCEOEACIECUIBAA 2 8 A a
A UC e CCOUSBACHC! AC o A
GCOCCCCOABUSUUACA BCCCCECAECASCASCACUCACCRAAUCCCES . aag-gt
.222“ 33 CA E ;u" :cu 1 300. “.: Coa®
Svacacccoesacaves A gascaceaasuccceaccacacace
M‘c“" 143 {u‘\\\nlp ‘wcec.eufgg:‘fecuucuﬁucu
B:430-1213 g Laacecasieeales ___/A,—)
Rat Ain2-226 eccd‘c & -iu

“‘ecc-mclt“"‘cz\_r,o %at?

r258



Nucleic Acids Research

Secondary Structure of eucaryotic 23S Ribosomal RNA: 3’half

G:2736-3330

&*h %%
A=U =
a-d c=
a &34 )g
3395 » v =
‘6 : : c°c -gc“oq"c
e_¢ < a c
§-§ ‘a 80 ¢
[ u- °°c
. 1 &:g °8:g°¢cu°°
a a _ c 3700-¢-
gt §~u AU §:g
pud U—A: 5‘ ' AGA‘VA ot Y
- a-c ‘:‘ H AGuUGa e
3 & ;f UTO
R uoNey 3500‘ LJ -y Uaanl® .
G. ot Avyue Ut et % = H:3801-3887
() abbel,  guled bt % ZE goasuanase
A % A ayat & accccaaaaa o
: =) Aq‘“°°°°°“§?.‘vcu z g 8:
z = 'a - 3
- = Ayat = a-g
- €aauacacac, - [ z -
cua‘fun“wuu ° ©aad A - 'P‘c\ a: a
Guietteting c *Ac ’.\H A
c“"“‘:c"““cfouco acaty zgad? ﬁ:‘.’ﬁ’“
- = a -
2700 ; -3‘ - A‘c ﬁ'A §-§“AA
= L
: B ga1c B
- s i;gu”a:_ §:§ eu cc"‘ ‘tllfl:“wmf“A
c.a_g %-:,4100 c‘“cl"““cA“
bt A -cc
™ %cq, 575‘hcud?27"2
AL -3‘ g:x Gca
o, %0 bl =
c‘a " A} ‘ﬁ:c §:3
eeA N g:g
\c‘o\u"c° P LRl Y %g}
[ a c
“MucAﬂod‘uo ue cAa
eelETEL B2 1d @cUVaUaacaac” lacYy
sashale,pteutt AR B
v M guwuu ) aut
o % Py
v v
a v ﬁ‘?‘\“.ol ‘oc
K:s4a8-4677 by 4300 3O Vouag. yot
H - Va5 A -
K %, ;&5
o =
e
;: AUUC?"‘Q c’ \d\,o‘ g_g
° =
A Jusevee, f; ,g “u - :oCA‘l,ul..l,aﬂac
%Ei 4700 ¢“ ey "'c::?\:‘w"%"c '§u°° nccu':uu?f
2 A =
)= VAN € v
- v A . vya
Aot < °¢° ‘f uca.u "q' e
{ c o
'y Suac”,
"ﬁ;é’ ‘Z}‘e
=8 'ac?
U=a
3:2
5

&£%

L

r259



Nucleic Acids Research

Secondary Structure of eucaryotic 23S Ribosomal RNA:

v
c
A9VCocravccd

AG biee N0

5, ACCa0USEC

5’half

GC

aCcccartAanaaaacet sccbu Gg

2200-C (00 el i VELINEE 4011
UyG0GUAA GHUCCECE3G,Ca0aA,

60008 agq
::“ch

G
c* v
V'
f& g VY \u\"
gc ey
% ey u
Gcou;:cno
% 2100
c4 Sy §
u v
b8 £
ccuce §I %
T 2000 co8 P
Y an, 04 Soace, P alrR
M cuccaccor & Gad treotoueata !cca?
N T IR i
1945 - 2000 “z ceu 400€CgCoUC,C aGaee
% GAGCGOGUAG AU - ¢! rd LA
§28 4 YY)
%, GV T, 4, S
» e &
i % Suge
aluG AacavGaa e |95
A T erent- u
CgAg guousccy 1900 . 22
3 y/ S

c

z oo=°

Cyaa!
ﬂchl‘“ 1Y

) gauupveAce

>

o0
)9
2

acoUoa,
o Ay,

Iy
&4~ Pagaoact
ac, oL 3%

veaact” § A Ve

A
[N & onac®accaon
§ 8 ‘o, SbL0g  posutbed
RIS CO0ay 0"V, &
o8 &
A AU,
AT A‘ A
f\: c—1400 oy d®
s by
68 C:1038-1148
LTL)
333343GCAACACIC o0 GO GC C
ICACAGCUAUCAACCOa CCC ac: i
B:427-953
Xenopus laevis

Fig.39a

()
LY
c
0 < ¢ %
GG GacuCaUaC oY A
& Ly o :
[ A €
Ay S A §~ H 'f?f: Yo ua,
N o‘lf e [ LAY f%m“j‘ug
'Cagalt v, ,xc " 'y CA Ay
L) W 100~¢ ¢ & o
A < NG R
Yhaagdy & Y3 R
¢ & O Al ot
o Ay ah
A Agg-c4
A A=V
o
300\,;3 ca
A% 'CAGCAGCAAAUCCCACACCEACCA0
AV 6CACOGAACOUGUAGEAUACGATAG
Faadt ACCEECCCOBCACARCUCAT
o CAAGUECUUCUGAUCTIAGDE
%t acccacos o
Ain2-222 :§
© -
®¢ccasaacaacac®® fu¥
25

r260



Nucleic Acids Research

Secondary Structure of eucaryotic 23S Ribosomal RNA: 3’half

CoA a**a
Acy
i
$34
Ay
. e
v A A8, . a $%4 ~3150
rod e_¢s c A §-8
ac =t U, _ 2~2900 )
UAG LY g:s %ogh
[ -c =z
G:2432-2767 O "c¢§ £%
A A < c z
z gu: A “.u 48%4y 0‘§-8°c
B §oome %
z Ce-8 83 v ucace [
- §:g c.f [N A v, aa¥
RE v ~&, -yC Aar
G, St : H:3204- 3289
( Aauvucy, JuAed cvee N 20, nnGGGACGA
;e Y Gua z
.- 28009 N Ay = cAG,
‘_ij S G\’Acacﬂc ’, A B UGGACCCAA A 1)
¥s z AT g CGCn CGGCC % &
icd z % A - < I 3
& an %750"““““"“ = ut TLte Cuceen c§58
96%ustacavy a -H %
Solestetist < 3100-Y-4c 4 » g
cl‘"0°°“'|‘°‘cuu.‘coocu°,f: ~3000 ¢ —GAg® S:g}m
: .
2400 - 283300 Aﬁc‘\;‘ §-2n,
A € - A A ‘:§ ool
- B L €25 3405
= a 9 a-"é :? §_3
= e.8 %: ;-S v % . va u
z y-a A-PkZvo vl ucuYBayuylc,
w v §=guV b et 8
c‘a—g °u X cABAC UG,
z ps r-Y
au\‘:-kacu %7& cuﬁfsf
B ol 518
e, a-¢¢ 3500 2-4,
¢ %% “852 g:gc
eeiv o E:x ¢ :&
\e\,u"‘;o K ~oay, Wy
A
c A <
-a a
3050~ %nsycacdbooran ‘s cha
e acvuauaacsac®  “acoy,
AQUAGUG, CCCAUY Syt |
M v g;q‘uuuucacun“acaw\tx
e Y c
aca & [ A u 3550
vao * ~3700 e K
K: 3856-4009 v 8500 2
e u
Ry, A‘( Y Yuygq. yoY
e GUGMG“‘%% o_—§
K A&:.;%A‘ ¢ § g:g
’ QY 3 pd
Aauc Y, \ A e
3 c g o i‘\:c,,‘%‘lucc\\\cacm S:Afu
o C-avvcgta e :a‘f §:§ 3600
4 yuaouce,of M u WA, yCauguahaSe
v <Say h Lo U atniie A
a-y AUENS U G2 Baabiug Yo, ua, AcCACUU 20
c-§ a“‘{ H fc}’ % °‘§ ot
B U =
3'¥ paaditguay”’ 3800 ¢ & é-d
“0035: 4050 § F £ B G
AU :§ ! %, & cau%‘;ﬁ’%
(’fc Ge A " u
Foaou cot G"‘:;’uq%‘l
&
- s
Au‘%ﬁ
aci 2
§-2
{:%
cA

Fig.39b

Xenopus laevis

r261



Nucleic Acids Research

Secondary Structure of eucaryotic 23S Ribosomal RNA

adccasruiia it Theccac,
Sl i St
VyGGCAAAGEUCT Seose
e A
1700 u
Y [
il
v
¢ RUECRIh
ayu 5-¢
c v
t-6e
o, G=CG
0a &5 ¢z¢
[ gxg 6-¢
g2gme00 EEA &5
ccacoeg, §2¢ R % §s
S8 v YT
tha‘ T % L3 § o
E. tC 666 tosdtoussce (33 N
H toa tl il Lirviiniti AL C
- ccu GCCCGCACCGH A
¢ 1534 157 §%,. a=y% g G 5 B
% - A 2 Apac
3 Spged
G, f
o Cecaans® K 'y 790
G CUUG CACAUGGG S
NgA A iy M
< € GC GUGUACCY A
Qs b £
UGA
A
Gg7,
G
y
A C
G
‘GCAG“‘C':?GI? S G
a Wt aces [
yuuue [ v )
Yss ] » v ,C“an,,“
S, ’
AC /
LaSCACos, <
G
G
c
¢
A-650
A
ry
G
HCUU
‘éc
&%
22§ !
B [t oCa
u G
e R ' 5.85
g
Loy &=¢ o-c‘“cé =4 3
uu é7y P
S g §s¢ 55.83 ‘é,_gc 130, uc
Lo gt 0 f2f s 3 £k
- 36=Ca  can =8 _ aAC ¢ \ GCo
S g prtene oo, §2¢ T s
A - - < - NG
you S, ocucs  vaaucucs * AUt 9 4 &S WO
AU~y WO AaG Gy G A C Ay \é’ﬁ cN
Q W a £ A g: <
c“:A‘i ‘AUCG\ Ay ¢ AU a’cf: N °Ii‘\cu
& A CGAGCGAGAGGCCCUCACGE e Py fadd A G50
6:3. [ €BCACCGCUGGCCGACCECUG Age
§< Gy6 AUCUUCUG
&E C:721-768
I8 8,
=8 B .
8 o cucacas :
b GGCUCUCACAY a
IENRNERNES <
SepAGaGCGAC 2%, CCacyOn
£ asc . S~ 0 Srigy SVu g,
Al Py u K Scga 1 1%
ac e Acaagt® U0 . 100-A 'a A s WY
GGCCAA aal oA - F} G i
ARCGG -5 50
CCUGCGGGCUCCCCAUCCGACT % %
B:419-640

Fig.40a
Oriza sativa: RICE

5'half

AGCUUGA GAA UCGGAC GGCCOL GC

COUCCOAAUUGUAGUCUGGA GA
GUCCUCAGCGACGBACC GGG
GUCCCCUAGAAAGGGGLGEC U

13-211

“aseaceeecacvat

GGC

cccan
660

r262



Nucleic Acids Research

Secondary Structure of eucaryotic 23S Ribosomal RNA: 3'half

o G
A C :—U
azd
8—‘
. A
G 1940-2091 G
. - A c
co 22008 M
y_es < )
§-g u_ o
REIH 378
G < As-¢
R g
A < cu -G
¢ 675 POy %4y 6‘8_60,2465
z R AJS y AGUGG %
= €, AlC - [N A
= -8 8V Y UCACC G
- _8 . [} A A &
RE R <& 6, ¢ Uaah
A - .
G uAanaca A'h;vuc u‘AMOAacc 2 H: 2505-2580
v :
AL UuuGy UyAGS et & u- vee
A A [} o ouat gzge  ce e
A= - sa , A- AGa
- 2§ 2300 Nacgeatarh, ¢4  ucuaagac £ 4
428 = 4;-c, A g
g-4 2100 - A A - GGCaGA A=
e 2 - Uya 878 s 48
- C /GuACGaAC, - v g- v 8
dh,a - ue Aagl a- \ §23
86 **ataaauy Y - G
Yue;  bgttuac F =t ‘e _gdan
aalg SCarancoacvelTy % b U~ A
) ;3 £29,2590 ,a0a -ga
1900 =1 &Y £ §o8h, 0
- §73 ge0 Yot §T§~27oo
- ' ug 6-% U=k G-y
= 4.8° €857 AtV
- 4o L Gc¥a-Usvcec vucYCayuute,
P §=8 v " IS
G. A Py G AAGc‘UAAac‘U
a- c
§cd U=Aa
gzk BCUNE o4
aUZ&ac 4%, 50
0“‘: 2400-%_3, "oV 5-2‘0‘;\;
(2 Q-EC -
a =t 0N z
c ax #3000 5
A -A A=
sty & £ 2%
LAY b
WU e ‘a.c au, Yol
Y o "
v
Gaaycadbactan [} C*a _ay
AGUAGUE, £EEL UL gevecuagerac BeTy
aA < ag! X AL
A v GUU Cca, A
I v gukuuc °°A° o
e a c
¢ Au ull
K:a142-3267 / 2l c
\‘\:CAGA 2%
‘a, A‘:;;n YVugg . ya!
< e AC [ 5d
C, a, N
s -y
s 2 % 3000 As
o
3 Vecy-aguc® 8 LY ! ‘\\dcc.A°°§'°'¥
sy c Aea ~24ia \;‘P AR =4
a=& cuuuatig e W §'§
] A -
¢ uMAUUC,GS B AR =Vaycayuguaandc,
A c‘ avels o o <, A v % o ||n|-°
- & \o°c L u‘,° c-_XUG“a‘AcGACUu“
=§-3300 s o’ y 78
-a Vyaw c ¢ &-9~2890
5:3 vaad e c & &8
e £ Fane N, o G
GUCE-gc, S, A Canal %
8‘ 'y GeA s,
u Y,
1) 1 Gq
"ua;:a‘” ’zq\h
=t Cax)
8:& ant
-A
%
G A
c-o
é:
&=

£

Fig.40b
Oriza sativa: RICE

r263



Nucleic Acids Research

Secondary Structure of eucaryotic 23S Ribosomal RNA: 5'half

1300 .,
ve ! U 46 oy
2% Csourvece”  TaaTouy, 1Sccacasavasossutiuucc s, |
. » C A1 ea Vit
Ga\,ACCGGU"“AG_CAC” CAxc U BBUUAAGOUEEEUCAGEAAGE
f:fq. "800
&z
WLhe-C
G i o
Vay-—a < G-CUC
iz
acd Yuuu® 408
8% acas &8
4-¢ -
- &£ -
Ty o¥
g
§-d YN § Fea
G~8 u v 8 ::3
G US' v 1710-¢ it
G- z G-k
A, A A=-U
& S “ RN G, gt
¢ 8 & . succccecuus,d  God Sasclacaras e?\’z?cl'- o
< s & 658 N Viriiiiiite il ¢
Y i g 1602 - 165 G:nacuoucw“,“.,u“" L gahcucicouLLy $
o u
& [ & 1600 [ b & Aaad
v ) A
G S 3 s e
Vae oY 9 3
uay $ 1905
6Uus Savaucas
A i
yGcACCy
3,6 u
uol
a
1200~
v
a
ool SGaraa S
Aty e
AGC“\°‘|I s ccuvce
Hugauvuout©s 1005.3 v
u
u a
) o 13
Jearca, s LS ey
u®' N ~YcaAr” { ‘\f
K > Yar e, 3,
¢ & e Ve W
Y Gal ¢ PPN
G Uc & N
Y 2 JCOAESS
13 g A Ity
A
G
g A acu
v, - )
Yoacguu® SL VT 4T N . Gh
yIy P S oY
L A = A
Fi¢ gzs 4 o AN 5.8S
WS R s
ol B B, °5 " 58S 3
RO 8- A y.e N
P 1 L 5 X :
- Gu £ . ¥ c
A - Aa -
1100-% \?' :g-& . gs ¥ 120~4%5 Y
Suat ) a - 2 gAac, SI¢ G\ 00 =y
Ay v GGau” ‘aCcacaad _gn() Ahce, ‘cuﬂ q S ¢‘°~\c‘ 5
~ I St o Yy o
s 8 A vesucucat 400-&" %3 & Y £o¢ E
b ¢ aaS b 94 283y e 26S
A -~
yie b vd ' Vot
o) v &," o 6 ~3‘ ve el
S8 ) AGGUCAGUCUCGAAUUGGES k3 o
Sye Co e GACGUGGAAUCUBUGUUCUY eV
~ Gue CGGAGUGCAGCGCALCACGE M
é? CCCUGUACIUGUCALULE ‘s
cr . cad. s
35 C:744-822 ,
u
£ 1
c
ff,“f"a‘ncu M
" I aac ‘6565" o vas
AUCDEGCA 5 VI pua
K
cc R
. & “
B:a24 - 665 K ¢ o ah
g4
%
‘AA
<<y vEGAUCA AsuGU
sy as
Fi°-4'° auﬂf\\ UGG% GUCCUVACGAUUGAGGCCAUAAACCAGAG
. 3 Alni-219 9
Caenorhabditis elegans “ou¥ S 3 D
)
A

Ve,

c
vy ad
CSCuuacuuauct®

r264



Nucleic Acids Research

Secondary Structure of eucaryotic 23S Ribosomal RNA: 3'half

A
VGAUGCUUGUCCAACACABUUCUGY g‘“A
v a6 —u
a VUGe ]
aGA G-¢
u §=%
CAUCUAAACAACCGUA ) ]
A v
G: 2039 -2204 uo A oa
% M a
&-8 v o
‘,“"‘c‘3 ik 2?75
a u Ae-¢
u y vc - x“ca
A . Q. -
-c* - ACy, -4
z 6 Gy 270 R a.x-ca
I§ 2300,,822" d~a0 v GUGa %
s Come &~ s 1 A
- -8 &~ [ CAC G
b -85;3; s A o
o s v v Gyt Vaaa
G. Jhhe Avyue “naaa’* e, - - Hize21-2701
[y z UCGGUUAAAA
( ) Aaucucy, YuaGs euce A < GAGAAUUGGC
et S TR
G-¢ = , -
A=y g1} Nacacoaloay < CAUUAAGCGG ¢ A-2790
3] - % = AaccAuuyua AL _ A
V- A z v v - UGGCACCGUG $=¢
CG ry o % ‘A bl N ACUCUCCUCG ﬁ-g
& G-SGG“‘CGG‘CUC‘ - al =Ry A £33
(06 "a"ecavy A 2400 G~-Cq
Uue, Uogcbaa F ‘e _ghpan
A -
aste Aucaaacaacy®iTy §:8&
? : p
- - uve -
2000 = z 2% §280,,¢
-§ = DO 87y
Za - 496 €. o 2.8
. A -C4 A=-U S' ¢
5 g TRETE A
- . R 28,
- b R A
&8 W P ct:“‘l ucuYSacuuVe,
P o :gu Xl Vel o0 1?
u‘é_x a”) cAGAc, UGG,
- —Aa
s z -cC
a0Zia ¢x8%, SR80
CGA‘ §78 Acul G- ua
‘e A=by 00-4=) 0ed
¢ Q_ic 2900-§ =4,
* &: §ogb
¢ GA, =-c <
fa.an® % g" ity
acc\“\\l:ca& c'§ v A
\NguY ‘uA - AuA Uuou“
c 25 oo‘ A
A v
Asanvad®boatan [} cAs o
AAAAUUUCUUGCUUCCCGAUGUCAG ert-tl U1t 11 acuuaugacaac aclyc
GAGGCAUCUCUAUCUCGUGGCAACA AGUUGUC, CCC UL T 11
CGAGAGCUUAUGCCCUAUGUAUGAC , : gAvuuUCGUUGC “Cﬂ“,‘
A A
CACUUGCCAACGCCAGAUCACUCUG ¢ 3100 () [
GUUCAAUGUCGAGE [ N
. aY, c
K:3261-3339 o8
- ag - yo!
3100 k7" §cg
3! L K g:;
oua—:nuc“ 3¢
Y ucacuug®h §- ¢
sty 34 2000
“G gcuuouuc,mc 2'"Auc‘uuocoAA°°‘
Voo aring
3500-4- va, accacuu, a®
A-x Cah
vl g2 ¢
y: z
°'§ UAALY, °:-€
U= C N c u
ug:ﬁ g Uy
AVC = Gy,
& % Caca N
5 £ N
Agu ya' .,
8-¢ KA
x:a) Gpet
$1s
(]
g
&

>
<
c,

Fig.4ib

Caenorhabditis elegans

r265



Nucleic Acids Research

Secondary Structure of eucaryotic 23S Ribosomal RNA: 5’half

1300 - 396a,
cc cV4%g g,
H ?ﬁ:uf‘.'? i ||G"‘ a‘louulkAm"og gacuccuco
CCag,BAC cu ca IO Eii- % 1900
faya®elau "a- * UeaAAUGOUCUC,  ,WOABA0e 9, 1
:f “'u .c‘ua"“‘“‘uuf,
¢A§:8 o hacy
$ % ey e
Y, YAl d
may= £ G a0 % _ v
5:§ Yy 4 x_g
‘8‘:?? cCUAA, 8-8‘2
u-a AU, -
gt T S W =4
Rt = E:1622-1718 §75 § £
2 S UAAGCOUGAAOGOAAALCUA -4 h, 18005 &
4, GAUUAACCUCABACUCUC A A ategly
§ % R eautstanaccauaac ~ard %u:cu?u&d coas \%
e
%, ‘é goy oocucaoncacoaca B cua,, _ ak@bua ocuy gaou §
A oo‘ &?a ¢ §:§ kN
guv" 5 .an 1600 u,ﬂ" b ".cc 3%
1
: £ E o pletmend i Mo
“ \?‘ Cag, pacuccy s
& F ~: %, ]
& s g . y 437 % 2000
S [ 1t g-¢%
400 $1500 A—§ cq
1 - =
& = {“"e }; Aaaaud,
- 0 o
A‘F = 5—‘& “cucquc
& Es e;_%‘}sgc
L) - -h
a A =8¢ v :
% £% v ‘°c °c“"° 2033
adBaa a ¥
e T
w M
a u ¢
P Lrtpad
oevds Rl
u'k’:ﬁx“‘ ¢
frin
Ol 5 el
5 gy i
=8 s
Y=x Y

¢
% 9%,
g § c \gg adt \B 5.8S ,';facé )
- H %‘ l . A \;_ﬁc‘ 5 s B s.ss 3
B R i i oy
L W A = &8 s, £t oo o
bors uesanng o g8 o N g g Ls
R d‘cuu‘“&a?ﬂuu s :.‘,'I . .ii‘ ui~ oﬂ.\“cd'” 26S
2 W & ne a0
AAAGCACCCAGOGCOAGCCY i ° A‘c & 32 . c.';"’.{'f-"
AUGGCGRACCCCACAAUGCU XY . a8 A \;nf
Succuaaccasacicucas B onnang g o A°° .
aadE ., s Yy
2 .
s
" . b fre b A8 i
lc‘cu:: ;;u Ac“‘c“ - \& o s '§ °°A cvob‘;d‘@
. 1004, & 0
¢ B: 420-674 300 """g‘ Ny 2 K
4 ARE rogmynt
$ ° Codt
3 T A'/

Fig.42a :
Physarum polycephalum *agut’
cC PP CC UAAGG
GUUBGGACCOCOAGUCAAAGACUUACAOCACACAGOCUAAGAUCCUGOAG
CACAGEGCOUVACACOCOACCUSOVAGAOCIOCOACTAGAGIBACUGACC
€acoasua v,
A’ 13- 270

r266



Nucleic Acids Research

Secondary Structure of eucaryotic 23S Ribosomal RNA: 3’half

AAA o

CCCaA ARA

COCUAACAGCUAAC

G:2103-2266

QUAA ot
gassauue hEo
A ¢
A [
A A A
3 v )
e

o’ %y, §- %2400 H: 2683-2914
M H ég:c cChy UGCUGUAAGGAACGAACGGA
u A § -] A a
v, ot I aCu & _€ aa s
- aTuy 0 L0%4y 5‘8'8‘\, GCAAUCCAAAUUCUAGCGCY
= Rt .au: a y sauac 3y .
T Co-g g~ L [y A AC
- §_8Gg?~f Y coace, A A
R T~ Gy oyt Uaaa® AccAgaG
u‘“ﬁ:? AunlJucl: uuAAGe“AOCc Az gs:gg:ﬁwoccoamc.-u‘
1 . s
(G) Aabapol,  uuaos cbdt, 4 341 3000
i 2 300 Aa-ut A U A N aBa
H:g g Aﬁ“‘cac&,}"c‘\g E: H
2100-¢24 : - §: 2
-A = T e =
—CACARAGGCY, (3~ Uya ATH G-
cﬁ?\’:‘?a“"% " reese, 2600-¢- é'h"H A“l- ]
< . i
Yo AUgEUUASac e 4 caae A TS 500 ¢ _faa §o%ar"
Z f: cdoc =
-¢ y= & S
A& A= 5 § =
4 Pt f
= g% 3% ¥4 23,
A - §E§ W3 A7V 2 *cucacavuuty
é“ _8“ a Y v Q.llmuouuuuu
G- U—Aa
A~y U=A G=CC
abZRae Z8%, A0y
s, 8 A £ L
Ca 8-% ;:?
< CLYY L= -
A 00 c -A Ao
°cc“\ \ o® g g &= g:
W uee ahC-Cay G, . 8-3100
A AA AC
c A <
I.l
vy,
COCAAUCAAAGAUAGGCUUACLULY ﬂ"‘ i GCUUGUaaccoc ac“"u
a A ce nuucuuc J:CCAW-33OO 2]
AU c GG ACa, u“buuuucuoua ca‘uA
ACGCOAVGCAAA
RAAA K c
UA A 0]
auAuuc agB\'g o€
K:3496-3676 % d\xsf'::'c‘ "Uuygq. yat”
a0 -
/"°c %a® #*%0%  §-8-3200
3! ~{;(‘:".\10 euﬁ aa :§
uAU" 2 LY \coak SIm-
= PO PR A-y
ey S " E
gu?ucmé “ c A= YauCAuacuraade
V- |
gocQSG7OO \ﬁo“ q‘;\‘ A CAAY o%u xuo%‘:tﬂa:gmlu.
% c-
o ¢c°\ .av‘ ¢3400-3 £-¢
yAA \\Bo‘ A U A=y
: a C \|F ') c ']
x"u v 4 °6‘Mu’/, uye
A Caaa®
o s
% cat
g
3
B G%
g .
Fig42b
Physarum polycephalum

1267



Nucleic Acids Research

Secondary Structure of eucaryotic 23S Ribosomal RNA: 5'half

9°%gacavecd  abudy,
A ele i e cA
% vo’ux_ Cu CA,
1300 8-
R =
o %
%‘U—A‘
4=
5
az&
i
% 1750 %, Yug?  MI1783-1994
sk, Erear-iras TS0 o S & W
co" As, AAACUGAGCACAACOUUAUAUCIUY 2 har 3' AGUG G
Iy A, UUGUUAGGAAAGUGAAGGUABUGUCG ' G
Y Y CGGUAGCUGUCUUGAAACaauuAY duecavouaca
a CGACUGOCCAVAACUGAAAA GOTAC h
H AACAGAGA Qhdbl e1id
gh. & \§_c‘ucaquAccc ,
N & % 0
ﬁ‘\ aoue® “n“" u‘ﬁ, 2001 g
~ oy y c ] J
b UcgUAcacoas ey
YU A A I i 3' e
}:c Ly “ACUV%% "{;c: cuoﬁ‘“m'u'acmg’ ;':'
ug - u“.}.‘ Lol 1500 A Seq
= 4 s 2 cvehactan .y 47 %
. A
2 PR £ %R e
gk A S ol 28 LY ' '8‘.““‘
T ~yt - 'ag ~ i a
§:§ < ou < 8 WEGULA
v A‘f pd - ;s"
Sa 8- ‘t'— i
‘a cUiig aU-* u-de
v o u"c c“‘ ]
‘aavova A »° 2054
1t M 0y
cuacac-1000 [3 c
o v oy &
& cod Krrrd
C Ry 7 o taee)
("} . WGA

or A A, C oty
4ot %g-c a0, %%
W
.sriy B f'ﬂ“ TN 5.85 " ;
4 3 [ S oty 5.85 3
R - Ld-750 225" 5 £ oy, 3
g G et L1 Uy of 4
Y = =z - LTS
HOOZf:‘A““ K c?ﬁrﬁffcff?ﬂ e g:g “ou-g‘u Acac, . c"‘é‘ & \:ﬂclsv
“‘J~‘I}' ?‘“ovcc‘“dmo.ccc( X C“Q‘KTG }n {c 105 } ;&8165\ Fngus “e”
3.6 e ~ 3 N
é?: g QAUGCAAAAVGCAUCUGUGE ° 'y ‘\Acf%" ¢ g‘ &
S UGUACACACGUCAAAUCEAU S N 0 A ‘Q\;a
'#‘ :wzguacc:ucleanc “\;;)F‘c l% M AU A
;s C:759-824 4 Gnar 5 50 %
N ard-Cy c <
‘uux 400\‘A¢=« vmuuccwuc‘:’ 4
“¢c§ géé“&uué 296, Ecac
O obo Iy
sans tcanac? B % Y od &t vy fl¢
< “Rspead 2
QaoUacCCCCACe B: 462- 674 %, Vaa ‘g?‘ul ‘ff’}gcl GA“A
5’ A-/ ' A ay=at at
H
Y
Fig.430 ‘A“".cs;;gca s
Crithidia fasciculata gy * g
A’:12-308

r268



Nucleic Acids Research

Secondary Structure of eucaryotic 23S Ribosomal RNA: 3'half

G:2124-2342

GOGCAA AAACCGOAG

a SCAGCC &%
b a0k ¢y
< az¢
unce ]
¢ ¢
COUCCCACAAAUUGCCAAC oo N N
< c
§T§ A a
2400 A= a, S8
a A :g-c
v v —§ £,
G - G A
R §-¢
N Ya A KL ar8=Ca
- 028 dra0-2500 u GUGG %
- Cewg 45 ) VEEUd A
= §-8 = £y SeAce A .
& Jamedans o0yt Mugaac’  HI2752-3012
v Y, -§ UyA! AUGAAGAG
G, et wer 13 Mtk
111 U=
A UyAGG A - UGCA
( ) avavoy, v cuee, & Ua0akB0AK DU AY
Mgyt LY =" aacaauaaccecauc
Fit Zé *a, c':“t\‘l Ty ceca asgogy 94,
gt : eactig S A
go% = A, % Rt §'§
< A .
-¢ z . z{ ovuccue -
0y 8§75 acuvacage g~ v I3 guuechcucasased 9o g
Ao, 4 Zc
c9c*%atacavy v H CCCAACCAUACUGUY -Ca
BanUaCOUAGA Y., L acuBAT Ue UCCABABUCUUGUUY b P
2100 - :g c‘chc §=9s, }
a % :§ He 4 A=y AA
- = Y, . of Z
- T4, o% 48 -4
E R
- £-8 ‘é: 2-30 Tl A cc
- g 3TPA-U B ucc uu teAuuueS,
o $z8w th S Bk @
%A gn Iy caa‘ cAvocuuac.U
[ 3 u_ya Az
A U= e=-¢cC © -
PRt §TGA°lcu°‘f§-32 . AS“
A -y it Gea
a A =¥ %¢
cq ,2600 PR L\
€. Ga, woe f
G cah %‘i
. C A} -
K :3426-3541 u“;u\,c.a& &S ‘"“C‘h,
aasavy AAAAGAUUAUCCS Al K ‘Ac auar* <3200
UAC e L) v
-4t $20ua%oung aocusadbaoran [ cA
GUGAAGH UCUCGEA UL e acvueugoeceac Aa(:“‘ll.,
ucaauuc lfccAUU S 4 [
. v YAQpUUUCOCUS,  CO,
Hi v [ Cal
“en 3’ 5“] / e c
t AN K % v
ceuca Y. K
Scusgsscuuacucecucavca 7 3400—al\he, 49723300
3,,..... n % 3 \‘\:u"c uucs, Y
§ cCq, va® utce, n
A % -
o co L/ * %a, I A §<
UCUGGaACU e 0. & ezl
Sugh 3’ QA e W e’ AT Gy
9 A Ct\:, QA Ve §:
S £
L:3698-3906 & b g '"A*cc?:?c?cc“;\
a Y 7 o 1o} ] le
ASCh v o %’:“acc\lcv. Voo ugamnucnc.a“ﬂ
S < e, =-§
oaaasecuc’ S 3600-y ¢ s
\ ] -
AY c
§ 3650 4 Y, 9ud
< Coah r"%u
Cacat Ga %ccré, N
‘s
Yo r’.q‘:
e
cat

Fig.43b

Crithidia fasciculata

1269



