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FIGURE 11.33 Bulges and loops formed in RNA when aligned sequences are not fully complementary. (Adapted
from Appendix Figure 1 in Gesteland, R. F, Cech, T. R, and Atkins, ). F., eds. The RNA World, 2nd ed. New York: Cold

Spring Harbor Press.)
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FIGURE 11.34 Junctions and coaxial stacking in RNA.
Stem junctions (or multibranched loops) are another type of
RNA secondary structure. Coaxial stacking of stems or stem-
loops (as in stacking of stem 1 on stem-loop 4) is a tertiary
structural feature found in many RNAs. (Adapted from Fig-
ure 1 in Tyagi, R, and Matthews, D. H., 2007. Predicting co-
axial stacking in multibranch loops. RNA 13:1-13.)
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Anticodon loop FIGURE 11.36 A general diagram for the structure of

tRNA. The positions of invariant bases as well as bases that
- - Y seldom vary are shown in color. R = purine; Y = pyrimi-
Anticodon dine. Dotted lines denote sites in the D loop and variable
loop regions where varying numbers of nucleotides are
found in different tRNAs. Inset: An aminoacyl group can add
to the 3'-OH to create an aminoacyl-tRNA.
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Figure 1. RNA Pseudoknot Architecture

(A) Linear arrangement of base-pairing elements within an H-type RNA pseudoknot. Base
pairing is indicated with dashed lines.

(B) Formation of initial hairpin within pseudoknot sequence. Base pairings from loop to bases
outside the hairpin are indicated with dashed lines.

(C) Classic H-type pseudoknot fold.

(D) Three-stemmed RNA pseudoknot fold from SARS-CoV.
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FIGURE 11.35 RNA pseudoknots are formed when a
single-stranded region of RNA folds to base-pair with a hair-
pin loop. Loops L1 and L2, as shown on the sequence repre-
sentation of human telomerase RNA (hTR) on the left, form
a pseudoknot. The three-dimensional structure of an hTR
pseudoknot is shown on the right (pdb id = 1YMO).
(Adapted from Figure 2 in Staple, D. W., and Butcher, S. E.,
2005. Pseudoknots: RNA structures with diverse functions.
PLoS Biology 3:¢213.)
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Figure 7.3 Representation of an RNA nucleotide as a triangle. The symbol in the triangle corner where the Sugar
and Hoogsteen edges meet indicates the orientation of the sugar-phosphate backbone relative to the plane of the
pairing: a circle means that the 5" — 3' direction comes from back to front and a cross means that it goes from front
to back. Twostrands can be parallel (both strand 5' — 3' directions are the same way) or antiparallel (in the case of

opposite directions)
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Figure 7.4 The 12 possible base-pairing geometries. Each geometry is designated by stating the interacting edges
of the two bases (Watson—Crick, Hoogsteen or Sugar edge) and the relative glycosidic bond orientation, cis or
trans. Symbols used are described in Figure 7.5. After [1]
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Figure 1 | One sequence, two ribozymes. This example
llustrates how one RMA can adopt two different secondary
structures. On the left is the fold of a class-lll RNA ligase and on
the: right the hepatitis defta virus (HDV) ribozyme fold. Coloured
segments are base paired in the ligase fold®. Reproduced with
permission from REFE. 3 © (2000) American Association for the
Advancement of Science.
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Fig.2A-C Responsiveness of mRNA structures to environmental
cues. Shine-Dalgamo sequence and start codon are indicated by
black and light grey boves, respectively. A Temperature-mediated
formation of alternative structures of A clIl mRNA. B Melting of
RNA structures at high temperatures, C Alternative mRNA struc-
fures in response 1o the availability of vitamin Bj;. The ribosome
binding site in the absence of vitwmin is held accessible by tertiary
RNA-RNA interactions. The precursor adenosyleobalamin is rep-
resented by a grey oval




Eax 1 | RNA secondary siructures

RNA secondary structures are comprised of helices, hairpin loops, internal and

. sApoon asymumetric loops, bulgesand junctions (see figure part a). RNA base pairs have been
l'f—) classified by the base edges that participate in the interaction and the orientation of the
= glycosidic honds relative to the H-bonds (cis or !‘mmjlz. Base edges are the three different
Halx [—| possible interaction surfaces of asingle nucleotide, which can be used for hydrogen
= bonding (Watson-Crick, Hoogsteen or sugar edges, see figure part b). The standard
iernalloap Watson-Crick base pair (A-U,G-C) involves hydrogen honding of N, and N; of adenine
to N, and O, of uracil, and N,. N, and O of guanosine to N, O, and N, of eytosine.
pETTEC K E — Howi'v hadenine, for cxfm-lpl e, the H(zog.sl(‘m r(lg\“. involves pairing of N; and N?
- —| (see figure part b, on the lefi, for numbering of atoms in the bases). Twelve geometric
111 T [IRNERERNN families can be identified and all twelve have been observed in crystal structures of RNA
—| Four-way junction molecules. The arrows indicate the orientation of the glycosidic bond. Part b of the figure
) = i is reproduced with permission from REF 12 © (2000) the RNA Society.
; Sngk-sranded RNA -
b Interacting edges Glycosidic bord orlentation
o oM
X Hoogsieen 20ge i F=0
Sl . ~.
To o o wef B=R w )

~C-H~ ad I|

/ e - V(:

{ L
oy SN fwasoncnce oG S GeoHen g
& W= |edge 3 H o

oM
s oxientation of the ghoosidc bonds

——H—N W, _.H

\ {

a N ’
N i
—h \V’
H . o

ont

Trans ofentation of the ghycoskdic bonds

A,
C
g
G-8
u-4A
c-Gr
¢-G
€28
" -G © A
@AG, . M-AfccocY A
G wCUGe ({idi 6
] i AG.BEGFYC
GEAGGACA ,_ . Ca W
g-gua
D loop »Q=C T¥C loop
c-G
%
]
A UyC
A,
c
g
é
G-C
U-A
C=Gn»
c-G
C-G
=)
T
LoV Ve
G c
u C
C Us
v AA
Ag-c®
A-W-
G-T
&
“C-G
Loy
G A
G 5
¥ LA
=g
c-G
c-G
“G-C
c-G
C-Ge
¢
U A
B yyc

Model for misfolding of tRNA. A, Native secondary structure
of E. coli tRNA®UY, B, Proposed misfolded secondary structure.
Non-native base pairs are formed between nucleotides in
the D loop and the TYC loops, disrupting the corresponding
stems. The model is based on data and interpretations in ref.
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(a) E. coli (a eubacterium) (b) H. volcani (an archaebacterium) (c) S. cerevisiae (yeast, a lower eukaryote)

FIGURE 11.39 Comparison of secondary structures of 165-like rRNAs from (a) a bacterium (E. cofi), (b) an ar-
chaeon (H volcanif), and (t) a eukaryote (5. cerevisiae, a yeast).

23S rRNA 5’ end 3’ end

FIGURE 11.40 The secondary and tertiary structures of rRNAs in the 505 ribosomal subunit from the archaeon
Haloarcula marismortui (pdb id = 1FFk). (a) Secondary structure of the 235 rRNA, with various domains color-
coded. (b) Secondary structure of 55 rRNA. (c) Tertiary structure of the 55 and 235 rRNAs within the 505 ribosomal
subunit. The 55 rRNA (red) lies atop the 235 rRNA. (Adapted from Figure 4 in Ban, N, et al,, 2000. The complete
atomic structure of the large ribosomal subunit at 2.4 A resolution. Science 289:905-920.)
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