Modeling the 3D structure of a riboswitch: a case study
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Riboswitch structure targeted in CASP15 (R1117, 30 nt)

Information for predicting groups

Molecule: PreQl class | type lll riboswitch

Organism: K. pneumoniae

Residues: 30 guided human
Method: X-RAY expert decisions
Additional information: Structure contains a ligand (PRF)

Sequence:

>R1117 0

UUGGGUUCCCUCACCCCAAUCAUAAAAAGG



RNApolis group approach

Web server prediction (RNAComposer) Human expert modeling

https://rnacomposer.cs.put.poznan.pl/

1. Collecting prior knowledge
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Home Welcome to RNAComposer, a fully automated RNA structure modeling server. (Mirror site: racomposer.ibch.poznan.pl)
:‘:‘ The RNAComposer system offers a new user-friendly approach to the fully automated prediction of large RNA 3D structures. The method 2 P d . . f
Ab:m ﬁm?@iﬁ:’:ﬁﬂamx” and operates on the RNA FRABASE database acting as the dictionary relating RNA secondary . re | Ct | o n ro m S e q u e n C e
:_efze"cs RNAComposer works in two modes:
ind

= interactive mode - allows to work on one RNA molecule of interest at a time; its use is limited up to 500 nt residues and results
in a single 3D-RNA structure model. Input your RNA sequence and secondary structure (Example 1 and Example 2) or sequence only

User ID: | (Example 3). Example 3 is offered for introductory purposes.
_ E o batch mode - is designed for large-scale automated modeling of RNA structures up to 500 nt residues, based on user-defined RNA
- secondary structures. As an input a set of up to 10 RNA sequences can be used. This mode is available only for registered users.
[Leor]

P o You are in interactive mode

PR Enter RNA sequence and secondary structure in dot-bracket format (Example 1 and Example 2) or sequence only (Example 3). A
‘maximum sequence length is limited to 500 residues.

You are 74,411,447 visitor,
Visitors online: 12259

Load example: | 2 3 | Reset|

CUCCUAGAAAGGCGCGGGCCGAGGUACCAAGGCAGCGUGUGGAGC

#HIV-2 DIS RNA hairpin
examplel
E(((( ....... [(U(ER{{ SR 333.333)..9000)

(] Select secondary structure prediction method

| Compose| [ Emal results to:

Popenda et al. Nucleic Acids Res 2012, 40(14):e112 \ .
Antczak et al. Acta Biochim Pol 2016, 63(4):737-744
Sarzyska et al. Proteins 2023, 91(12):1790-1799

4. Homology modeling

5. Critical analysis & model selection
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3. Prediction from consensus 2D J
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Collecting available structural and biological information

The class | prequeuosine riboswitch (preQ,)
* regulates genes involved in the synthesis and transport of preQ; (an intermediate in queuosine biosynthesis);

e contains one of the smallest naturally occurring riboswitch aptamer domains.
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PreQ, Riboswitch (Undocked) PreQ, Riboswitch (docked)



Collecting available structural and biological information

B PreQ 1 -I nucleotide anotations
type 1 ngcleopic.:-\:a: A‘Scllo%g variable
7 R EX type 1 % . l? Pk base p:?r z(l):/:ta(inns

u G=C C* = covariation .
Ry == compatible mutations
P1 =@ =m no mutations observed
type 2
2L1V (NMR),
3FU2,
3Q50, 3Q51,
6VUI, 6VUH,
3GCA,
6E1S, 6E1T, 6E1U, wrog & L
6E1V, 6E1W,
7ESE, 7E9I Ple=c
=0

5=00 OOOOOYAAAAAGGOOR

(B) Consensus sequences and
secondary structure models of the
three types of preQ1-I riboswitches.

McCown et al. Chemistry and
Biology 21,880-889,2014



Collecting available structural and biological information

type 1l

1KIV
7REX

type 2

2L1V (NMR),
3FU2,
3Q50, 3Q51,
6VUI, 6VUH,
3GCA,
6E1S, 6E1T, 6E1U,
6E1V, 6E1W,
7E9E, 7E9

B PreQ-I

A
GO. ..c
type1 ¢ L1 o
yp 7 G
UgseCy

R=Y

P1 =@

0-0

-0

Pk

nucleotide anotations
R: A/G; Y: C/lU
nucleotide nucleotide variable
identity present hairpin

N 97% @ 97%
N 90% @ 90%
N 75% @ 75% -

O 50%
base pair anotations
= covariation
= compatible mutations
=m no mutations observed

(B) Consensus

sequences and

secondary structure models of the
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three types of preQ1-I riboswitches.

McCown et al. Chemistry
Biology 21,880-889,2014
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Web server. sequence-based prediction

Input sequence

UUGGGUUCCCUCACCCCAAUCAUAAAAAGG

7

2D structure prediction

CentroidFold, ContextFold,
CONTRAfold, HotKnot, IPknot,
RNAfold, RNAstructure, ...

~

/

~

1,000 predicted 2D models

~~

-

\§

Ranking by energy

~

R1117

ModelRadius oflTotal Energy Clash | 2D Structure | Secondary structure derived from 3D model
No. |Gyration| (by Xplor) |ScorePrediction Too (RNApdbee + canonical bps only)
1 | 13,042 | -581,426 | 20,9 | ContextFold | . ((({(-{wv... IS DD P P )
2 13,51 -577,158 |22,99| ContextFald ((({-(..... IR Y )
3 15,389 | -563,741 | 20,9 | ContextFold (000 (... IR T )
4 14,992 | -563,214 |16,72| ContextFold (.. IR Y )
3 14,616 | -563,085 |15,67| ContextFold ((({euuonnn.. IR )
6 15,028 | -558,735 |12,54| ContextFold ((({euuennnn. I el )
7 15,164 | -557,393 |16,72| ContextFold ((({euuonnn.. IR )
8 | 14,655 | -554,107 |12,54| ContextFold AR P, IR D D I )
9 16,957 | -552,254 |18,85| ContextFald ((({-(..... IR Y )
10 | 15,017 -351,41 |13,58| ContextFold (((feeeeennnn I e leenunnnn )
11 14,175 | -550,549 |10,45| ContextFold ((({-(..... IR Y )
12 | 15,081 | -347,064 |13,58| ContextFold [ I el )
13 15,355 | -545,919 |25,08| ContextFold [N N P IR T )
14 15,1 -545,674 |15,67| ContextFold ((({.(..... I Y )
15 | 15,393 | -544,342 |13,58| ContextFold AR S P, 110 e e ceee e )
16 15,379 | -538,223 |16,72| ContextFold ((({euuonnn.. IR )
17 | 14,81 | -536,726 |16,72| ContextFold AR P, IR D D I )
18 16,043 | -535,287 | 7,31 | ContextFald ((({euuonnan.. YId) e )
19 15,229 | -532,994 |17,76| ContextFold (f(feeeeennnn Y )
: 20 : 1':.ml: : _'-'n‘l‘)_il'fﬁ ) I:l_il ) CnntewtEnld : L4 \ \ A i il
| 21 | 13,365 | -527,382 [24,03] Hotknots | (((((..-T[00.a)))))muuenn.. 111
22 15,215 | -526,421 |18,81| ContextFold [ IR )
23 15,595 | -525,492 |22,99| ContextFold ((({euuonnn.. IR )
24 | 15,603 | -525,226 |18,81| ContextFold AR P IS DD P P )
25 18,878 | -524,321 |17,76 IPknot (((({(..... IR Y
26 | 14,404 | -523,785 | 20,9 | ContextFold (f(feeeeennnn Y )
] 1




Web server: 2D structure-based prediction

RNAComposer web server model (type 3) 3FU2, X-ray, resolution: 2.85 A (type 2)

Predicted 3D models do not reconstruct the noncanonical tertiary interactions in the minor grove correctly.



Homology modeling by human experts

Template preparation

sequence alignment of available templates — superposition of the template 3D structures

I%] Jahview 2.11.2.4 - | X
Eile Tocls Help Window

-

|| TeoffeeWs alignment of TcoffeeWs alignment of C:\Users\joannas\Documents\CASP15\Seminar_IBCh\Seminar_l... | = | & | 22

File Edit Select View Annotations Format Colour Calculate Web Service
1|D 20 a0
UCHE- clcas-

R1117 tamget/1-30 - - U
IV 1|Chain/1-39 |- - AGA ucuBBlcacau
TREX_1|Chaina/1-34 U - G celBlaccau-
2LAV_1|Chain/1-38 GGAGA ucu UAUA

|| Jmol view for 3K1V_1|Chain:3K1V = e S

File View Colours Help

@ -

* B

IFUZ_ M| Chaina -39 - - CUAGA
3Q50_1|Chain/1-33 - - AAL -
3Q51_1|Chain/1-33 - - AAL -
BVLL_1|Chain/1-33 - - AAG -
3GCA_1|Chain/1-33 - - AAL -
BE15_1|Chain/1-33 - - NN -
BEAT_1|Chain/1-33 - - NHNHM -

BE1U_1|Chain/1-33 - - NNE -
BETV_1|Chain/1-33 - - NNN -
BEIW_ 1| Chain/1-33 - - NNE -
TESE_1|Chain/1-33 - - NN -
JES_1|Chain/1-33 - - AR -

R IG R R R R R R
B EEBEDRRDEDRDBRBCCCC R

Consensus

+ECUGGGUCGCAGU+ ACACCCAGUUAACAAAACAAS

Qeoupancy

£ >
[column 36 G 81%
| | I I

|y Alig




Homology modeling by human experts

Template entered as a single structural block:

O O e B R D DR DB I 11]
\J \J \J \J
I I S PR (8 O G I 1 A I8

DE joannas@konwalia: ~/casp15/r1117
joannas@frabase2:~fcaspl5/r1117= more
>R1117_js1
UUGGGUUCCCUCACCCCAAUCAUAAAAAGG

CCOCC. .44, .. 11111 11}

joannas@frabasez:~/caspl15/r1117> more

ri117_jsi.do

3fu2C _tmpl.s

13.409 43.199 48.
13.180 44.569 47.

12.697 42.630 48.
16.783 42.741 48.
9.788 41.994 49.
16.123 406.585 49.
5.737 42.408 50.
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293
775

14.512 42.928 49.22

229
984
264
122
163
579
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RNAComposer runs structure refinement:
two-step minimization (CYANA, XPLOR)

s

Final 3D model energy: —20 kcal/mol/residue

O T T T e T Y s iy




Web server vs human model

estimated accurracy: 4 A

predicted from the
consensus 2D structure

modeled from a
homologous 3D template




Results of R1117 structure prediction

153 riboswitch models submitted by 34 participating groups

vs structure

# % Model o Sr |eSn eﬂ"ﬁ) 4 LDDT & TMscore| ¢ GDT TS|~ INF all| ¢ INF stack 4 INF wc # INF nwc
1. R1117T5287 5| 287 Chen 2.82 0.709 0.416 85.34 0.85 0.86 1.00 0.68
2. R1117TS287 2 | 287 Chen 2.25 0.736 0.387 84.48 0.84 0.86 1.00 0.60
3. R1117TS128 1128 GeneSilico 2.43 0.694 0.303 79.31 0.84 0.86 1.00 0.63
4. R1117TS287 1287 Chen 2.47 0.729 0.407 86.21 0.83 0.86 1.00 0.58
5. R11177TS232 4 | 232 Alchemy_RNA2 2.64 0.728 0.378 82.76 0.83 0.86 1.00 0.60
6. R1117TS5232 2 | 232 AIchgmv RNA2 2.51 0.732 0.425 85.34 0.82 0.81 1.00 0.68
7. R1117TS081 1 |081 RNApolis 2.74 0.655 0.308 80.17 0.82 0.79 1.00 0.74
8. R1117TS287 3| 287 Chen 2.27 0.689 0.426 86.21 0.81 0.80 1.00 0.67
9. R1117TS128 3128 GeneSilico 2.57 0.689 0.301 78.45 0.81 0.91 0.93 0.47
10. R11177TS5128 4128 GeneSilico 2.99 0.672 0.249 74.14 0.81 0.86 1.00 0.50
11. R11177TS232 1232 Alchemy_RNA2 2.27 0.747 0.401 85.34 0.80 0.76 1.00 0.76
12. R1117TS232 5232 Alchemy_RNA2 2.75 0.713 0.396 84.48 0.80 0.79 1.00 0.63
13. R1117TS287 4 | 287 Chen 2.01 0.705 0.371 82.76 0.80 0.83 1.00 0.54
14. R1117TS081 5 |081 RNApolis 4.44 0.514 0.175 63.80 0.76 0.82 1.00 0.24
15. R1117TS185 5| 185 BAKER 3.73 0.567 0.191 68.11 0.75 0.85 0.93 0.00

Overall metric summary

RMSD: 2.01 - 27.68 A
LDDT: 0.179 —0.747
INF,: 0.28-0.85
INF,,.: 0.00-1.00
INF,,.: 0.00-0.76

K|N Fyouc 0.37 -0.91 /

- -» Ranked 7t by INF,,
Ranked 13th by RMSD




Some models with lasso loops

* Mispredicted 2D structure * Lasso loop detected during topology validation.

Vs

RNAspider: https://rnaspider.cs.put.poznan.pl/

* C14, which binds the ligand, is involved in HB.

Popenda et al. Nucleic Acids Res 2021, 49(17):9625-9632
Luwanski et al. Nucleic Acids Res 2022, 50(W1):W663-W669
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Out of curiosity | ran AlphaFold3

prediction obtained: 13.07.2026

reference structure: 8FZA
(released: 30.08.2023)

pLDDT Confidence Score .

@ Very high (pLDDT > 90) RMSD: 3.14A — 24t in the RMSD ranking

@ Confident (90 > pLDDT > 70) LDDT: 0.641 —> 14% in the LDDT ranking

[ Low (70 > pLDDT > 50) INF,,: 0.700 — 26t in the INF_, ranking

@ Very low (pLDDT < 50) TM-score: 0.263 — 36t in the TM-score ranking
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