Candidate RNAs for Domain 3 of the Foot-and-Mouth-Disease Virus Internal Ribosome Entry Site
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Assessment of structural properties using MD Proposed 3D structure for the apical region in domain 3

Introduction

The foot-and-mouth-disease virus (FMDV) utilizes non-

canonical translation initiation for viral protein synthesis we o MD 1o _e?<plore the_ feasi_bility of our struct_u _ral Time-averaged tert_iary structure O.f domain 3 taken from

_ . _ ! candidates; specifically to investigate structure stability the 100 ns dynamics data (top middle), where the long-
by forming a specific RNA structure called intemal § anq  potential long-range  interactions suggested by range interactions occur between helices H,and H; (details
ribosome entry site (IRES). Domain 3 in FMDV IRES 1S - oy nerimental data. The trajectory for Model C shows that | shown at bottom right). Both Junctions | and Il contain
phylo_genetlcally co ”Se'f"ed and r_nghly structured; - It the two adenosines retain a distance <3 A. In contrast, two coaxial stacking, parallel to each other and Junction |
contains four-way junctions where intramolecular RNA- -1y the first adenosine A,q, of Models A, B and D retain | with a crossing in the single-stranded region (bottom-left
RNA Interactions serve as a scaffold for the RNA to fold 5 gjistance <4 A during the initial 12, 15 and 26 ns, and -middle for Junctions | and Il, respectively). Both
for efficient IRES activity. Although the 3D structure of respectively. In Model C, the average distance between junctions are planar locally and are arranged in a

?nc}?;ligngmlesch(;r#igﬁll ot‘otrg)rjgllgtrig]r? I?trllde ici,ecklr?:vevrr:n?—letrhee Cy2/Gyyo Pair and Agg, is 21 £ 059 A while | perpendicular orientation to each other globally (top
we employ a combination of various modeling approaches | 2% o2+t PAir and Aug is 2.0 £ 0.20 7 These findings | - right; note that the three helices H,, Hy and H; are
ploy u g app suggest that the C,3,/G,,, and C,5,/G,,; pairs may be the coaxially stacked all together.

to propose candidate tertiary structures for the apical ¢ : :
. ) ) arget receptors of Ao, and A, ., residues, respectively.
region of domain 3, thought to be crucial for IRES | P 160 1ol P Y 55 s> 5D shudhurss <Top Views

function. We begin by modeling junction topology — e —
candidates and build atomic 3D models consistent with
available experimental data. We then investigate each of
the four candidate 3D structures by molecular dynamics
simulations to determine the most energetically favorable
configurations and to analyze specific tertiary interactions.
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Domain 3 of FMDV IRES is a self-folding RNA that iIs

214 nt long. We consider the sequence of the FMDV C-S8 LR T R wm ow owo@e Wy § '37'
IRES. Figure 3. RNA-RNA long-range interactions identified by b 1_4
distance measures of atoms between two adenosine—
. y A and Ag,—In GUAA tetraloop and its potential Junction| [T _CoaxalSackng] L¥ .~ SHRA Jebsloapsreogglot ohg- s
MO—Om 3 receptors during the MD trajectories.
oo ﬁ?ﬁ Flg_ure_ 6. Tlm_e—averaged tertiary structure of apical
H oo o= é@’( ™ Analysis of tertiary interactions in Model C region in domain 3
domain 4 i domain 4 e ‘\i ,r&-xjj.; " y niractor
]E ydomams f*:,,i_'f’é,?“émo"f‘s?”” Three long-range interactions occur sequentially: at ~7, 20 Domain 3 consists of basal and apical regions; the
T and 22 ns, Involving A, gy, Aqg; and Uy, respectively. corresponding structural elements are an internal loop
Flgure 1. Global organization of FMDV IRES and These cooperative long-range interactions help stabilize and four-way junctions, respectively. The minimum
Secondary structure of the target domain 3 the IRES domain 3. distance between the two regions IS 23.5 A that the
basal region is not likely involved in RNA
Computational procedure for modeling multiple R i
four-way RNA junction structures e %;j, i S 1,%
: : : : Yo S\l
To tackle multiple consecutive four-way RNA junctions, we \'}“b:;:i L

use a divide-and-conquer approach by partitioning the large | .-
complex. Each four-way junction iIs analyzed with regards to | .

the loop size of single strands between helices; this analysis |
Is coupled to the Junction-Explorer program! to help
determine  coaxial stacking patterns and helical

arrangements. Using the predicted topology for each four- Figure 4. Intramolecular RNA-RNA long-range

way junction, we search for all possible combinations of the | jnteractions involving GUAA hairpin loop during the
multiple four-way junctions to produce combined structures. | Model C MD simulation.

These potential topologies for the secondary structures are
then refined further by Incorporating experimental data as
constraints. Using state-of-the-art 3D modeling programs?,
we build RNA 3D models of FMDV IRES domain 3 | Tpe tertiary contacts in IRES domain 3 may restrict these _ _ . .
combined with experimental data. The four resulting | fjyctyations and therefore help recruit ribosomes for viral Figure 7. 3D model of the entire sequence In domain 3
candidate 3D models correspond to the junction topology orotein synthesis

models. 5 Conclusions
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The role of tertiary contacts for structural organization
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2D RNA Junction Topology Modeling [ ] A A _ _ _
PETTI | IS vent] > 1 ¥ We propose a theoretically feasible tertiary structure for the
e B :”’““m ity 8 € ) DY . 1 §=r ‘ apical region in FMDV IRES domain 3; the overall 3D
Sudnie - Cn "ﬁ - * W 2 | R 21 B | ) . . . .
T . 7‘5‘? 28 pw £k o e | | N - ”\"%V”“W /' configuration and the suggested long-range interactions in
T " 2 v /i pr " . o : :
T T , — g 0 A A\ : ¢\ 3mp W,fw W A m the domain 3 provide insights into the potential role of the
1.Input 20 s b knowiedgebased opoogy e o g ot A AN B AN ; | - : 1
o o fncton opioge apogy candstes e WAL - “w 2 W W Iong-r_ang_e Interactions for structural stability and
B et e LT T e T L organizations,

G GirsUAAs1 tAt;_ll"'leOp
7. Arrive at 3D candidates 6. Perform MD simulations 5. Use 3D modeling of candidates Time (ns)

closely anchored to experimental to investigate ;tructural properties by RNA programs MC-Sym Residue
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Figure 2. Modeling multiple four-way RNA junctions
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