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Supplementary Figure 1. Schematic illustration of the modular RNA domains within the 5 UTR
of enteroviral genomes. Shown here is the secondary structural model of CVB3 according to
Bailey ef al.! Domain I (colored red) represents the cloverleaf-like (5'CL) domain, and domains II

to VII (colored blue) comprise the internal ribosome entry site (IRES).



a IRES ORF 3'UTR

!
S @UU-AUC Aw
A-U 90
A-U
A-U
a-u SA
C-G
20 sB A-U -
GU G-C-°80 G
UA UGGGUGUCC-10 CG—CGUGUUUCCAUG C b 5'G_C3'
| N A A A N B | [} [ I |
C ACCCACAGG GC GCACUCUGGUAUC G-C
20 30 G-C UAso 60 1 4 U-a
L C-G L A-U
sC ¢-¢ sD s 5'CLWT
C-G A-U
o’ L3 A-U SA
20 SB A-U 0
G-C
(] 5o o8 ASYyGeeucucc 0. co— —cGuGuuUCccaucse
- Jo I 1 IS R 11 [}
A
g—g CCCACCCACAGGG_CGCUAGCACUCUGGUAUC
- 30 5 60
5'CL2 A-U S e
A-U .
a-u SA A ge
B C_G
20 O 2 Uso 70

A c G
Ahe GUGGGUGUCC CG—CGUGUUUCCAUG c
| I

|
CAcACCCACAGG GC GCACUCUGGUAUCA

G-C d 57 _ 31
L2 &E "% sD  * La o-&
sC c¢-c U-a
c-G A-U
40 AUU L3 g_g‘go 5’CL3
a-u SA
c-G
20 sB é—g 20 70
e. S'g-¢c3 UAGUUGGGUGUCC cG— CGUGUUUCCAUGGC
- et il 1 I I I |
o CooACCCACAGE, GC, GCACUCUGGUAULR
’ A-U-90 L2 30 g:gs b L4
5CL4 A-U SC Cc-G S
A-U -G
é-g SA 40 G—%
20 SB  au 70 AAC L3

AGUUGGGUGUCC CG—CGUGUUUCCAUGCACA

I T T 111 e e o | | | | o

U
CooACCCACAGG, GC, . GCACUCUGGUAUGH
L2 ER 50 sD 60 14

aaaan

w
=0
[ TeYeYe )
a
-

w

Supplementary Figure 2. The 5'CL RNA crystallization constructs. (a) The proposed secondary
structure of CVB3 5'CL within the 5" UTR of the CVB3 genome. The wild-type crystallization
construct (b) includes the two G-C base pairs (colored gray) closing the sA helix. The 5'CL2 (c),
5'CL3 (d), and 5'CL4 (e) are the crystallization constructs with the sB, sC, and sD loops replaced
by a Fab BL3-6 binding motif (5'-GAAACAC sequence, colored gray), respectively.
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Supplementary Figure 3. The native polyacrylamide gel electrophoresis (nPAGE) to test the

binding of Fab BL3-6 with the crystallization RNA constructs (see Methods for the experimental

details). Each lane contains 100 ng of RNA. The wild-type (without Fab binding motif) serves as

a negative control. The slower migrating Fab-RNA complex bands appear only for the constructs

with the Fab binding motif.
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Supplementary Figure 4. Models of the sD tetraloops for (a) uCACGg (wild-type) and (b)
uCACCg (crystallized construct) as predicted by the ROSIE (Rosetta Online Server that Includes
Everyone, https://rosie.rosettacommons.org/rna_denovo).>? The wild-type sequence folded into a
UNCG-type tetraloop, consistent with the previous in-solution NMR results,*¢ whereas the mutant
folded into a GNRA-type tetraloop similar to that observed in the wild-type UNCG-type tetra-loop
crystal structure. Noticeably, nucleotide A64 that facilitated the crystal contacts in the crystallized
loop (see Supplementary Figure 8 below) appeared extended out in the wild-type loop that would
have clashed with symmetry-related Fabs, which perhaps explains the low-resolution X-ray
diffraction of the 5'CL2 construct with u~CACGg loop compared to the mutant, 5'CL2a construct
with the uCACCg loop.



Supplementary Table 1. X-ray crystallography data collection and structure refinement statistics.

Values in the parentheses are for the highest resolution shell.

Data collection
Space group Cl21
Resolution (A) 66.62 —1.91 (1.98-1.91)
Cell dimensions

a,b,c(A) 122.20, 48.70, 144.65

a, B,y (°) 90, 112.92, 90
Rinerge (%) 8.2 (88.7)
/ol 10.3 (1.8)
CCinz 0.998 (0.744)
Completeness (%) 97.6 (97.9)
Redundancy 3.3(3.3)
Refinement
No. reflections 54,094 (3739)
Rywork — Rree (%) 20.9-25.9
R.M.S. deviations

Bond angles (°) 0.950

Bond length (A) 0.006
Average B-factor, all atoms (A?) | 55.48
Ramachandran plot of protein residues

Preferred regions (%) 98.40

Allowed regions (%) 1.60




Supplementary Figure 5. Overall crystal structure of the CVB3-5'CL2a in complex with Fab
BL3-6 solved at 1.9 A resolution. The crystals had a single Fab-RNA complex per asymmetric
unit. The red spheres depict water molecules, and the gray mesh represents the 2|F,| - |F¢| electron

density map at 16 contour level and carve radius 1.8 A.
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Supplementary Figure 6. The crystal structure of the 5'CL2a in complex with Fab BL3-6 colored
according to the crystallographic B-factors. The gradient from blue to red indicates the lowest (29
A2) and the highest (130 A2) B-factors for the structure.



Supplementary Figure 7. The RNA and Fab-mediated crystal contacts within the crystallographic

asymmetric unit. Within the crystal lattice of the 5'CL2a-BL3-6 complex, including the Fab-RNA
binding interface, the Fab interactions account for about 92% of the buried surface area, suggesting
a critical role of the Fab in the crystallization. The RNA-RNA interactions involve only the end-
to-end stacking of the sA helices from symmetry-related RNA molecules, accounting for about

&% of the buried surface area.
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Supplementary Figure 8. The Fab-RNA contacts as observed in the crystals of CVB3 5'CL2a
RNA in complex with Fab BL3-6. The scaffold residues from the (a) heavy chain (HC) and (b) the
light chain (LC) of the symmetry-related Fab make contact with the RNA. Especially the side
chains of positively charged residues, such as lysines and arginines, interact with the RNA
backbone. The A50 nucleobase within the sD bulge (a) and A64 nucleotide within the sD tetraloop
(d) also make contact with the heavy chain residues of the symmetry-related Fab molecules. The
Fab residues and the RNA regions involved in the crystal contacts are highlighted in yellow and

red, respectively. The dashed lines represent the hydrogen bonding distances.
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Supplementary Figure 9. Comparison of previous biochemical probing results and NMR-based
structures with the CVB3 5'CL crystal structure. (a) The secondary structure of CVB3 5'CL shows
the modified positions (filled squares) by Kethoxal, DMS, or CMCT according to the data taken
from Bailey et al.! and Prusa et al.” The black and gray squares identify strongly and moderately
modified positions, respectively. (b) The same CVB3 5'CL structure shows the SHAPE reactivity
at each position, as indicated by the white-to-red color, according to data retrieved from Mahmud
et al.® The nucleotides colored white and dark red refer to the lowest and highest SHAPE reactivity,
respectively. The pink-colored nucleotides represent intermediate SHAPE reactivity. Both
biochemical probing and SHAPE data shown here were performed in the context of the intact
S'UTR. (c) NMR structure of CVB3 sD (without the bulge portion, PDB: 1RFR),® and (d) a
consensus sD (including the bulge portion, PDB: 1TXS).> Except for the flipped nucleotide (A or
U) in the bulge, the NMR-derived secondary structure of the isolated CVB3 sD (e) is identical to
that derived from the crystal structure of intact 5'CL (f). The NMR structure of HRV-14 sB (g)
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taken from a publication by Warden et al.” shows no unpaired nucleotides within the sB helix.
Overall, the secondary structural features of the enteroviral 5'CL observed in the solution by
biochemical probing, SHAPE, and NMR agree with those observed in the crystal, supporting that
the crystal structure of CVB3 5'CL represents that in the solution.
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Supplementary Figure 10. Comparison of the CVB3 and HRV 5'CLs. The predicted secondary
structures of the CVB3 (a) and the HRVB14 (b) 5'CLs. The subdomains and labels are colored

analogously for facile comparison.
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RMSD = 1.579 A RMSD = 1.807 A

Supplementary Figure 11. Comparison of the sD subdomain structural features with an ideal A-
form RNA helix. (a) Superposition of an ideal A-form helix (yellow) with the sD subdomain
(orange) of the intact 5'CL crystal structure (RMSD = 1.848 A). For simplistic comparison, the
ideal A-form helix was created computationally for the same sD sequence, G47 to U62, excluding
the loop L4. (b) Superposition of the ideal A-form helix (yellow) with the isolated sD subdomain
(orange) without the loop L4 (RMSD = 1.807 A). As observed in the crystal structure, the A40
interaction with the sD helix is also shown for comparison. Except for the slight widening of the
ideal helix compared to the Py-Py helix, perhaps due to the larger purine bases in the ideal helix
compared to all pyrimidine bases in the Py-Py helix (c), the sD helix after the bulge showed no
significant deviation from ideal A-form helix (RMSD = 1.579 A). Additionally, the presence of
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the Py-Py mismatch pair in the middle of the sD helix seems not to change the relative orientations
of the sD helix ends (a-c). Interestingly, the replacement of the Py-Py region by canonical base
pairs still allows A40-sD helix interactions (d) in a similar fashion as observed in the crystal
structure (e), which is consistent with previous observations that these changes did not inhibit the
(-)-strand synthesis.!* ! Perhaps the A40-sD helix interactions are to correctly position the 3C and
PCBP binding sites at the opposite ends of the 5'CL structure, which is consistent with previous
observations that any deletions in the Py-Py region, which likely bend the sD helix in the middle
changing the relative positions of 3C and PCBP binding sites, inhibits the (-)-strand synthesis.
Absolute conservation of the Py-Py region may be required for the back-synthesis of the (+)-strand
using the (-)-strand as the template, where a similar cloverleaf structure (3'CL) is likely to form
but with the complementary sequence, consistent with the ability of 3'CL to bind a different set of
proteins compared to the 5'CL."?'® Moreover, although Py-Py non-canonical sD helix compared
to the corresponding ideal A-form helix preserved the orientation of the ends and interactions with
the A40, the presence of the bulge at the base of the sD helix seems to shorten the length of the sD
helix between the four-way junction and the Py-Py region (f). The arrangement helps precisely
position the central C56+U73 pair of the Py-Py helix for interactions with the A40, consistent with

the previous observations that the sD bulge is essential for the (-)-strand synthesis.®
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Supplementary Figure 12. Structural features of the dinucleotide bulge within the sD subdomain
of enteroviral 5'CLs. (a) Superposition of the sD subdomains from our crystal structure of CVB3
5'CL (cyan) and the NMR structure of a consensus enteroviral sequence (magenta).’ The structures
superimpose well (overall RMSD = 3.461 A, without the bulge and tetraloop = 3.290 A) except
for the tetraloop and dinucleotide bulge regions. Within the bulge, the crystal structure shows the
flipped-out A50 and helically stacked U49 (b), whereas the consensus structure shows the flipped-
out U49 and helically stacked AS50 (c). In the former structure, the base-triple U49+G51-C78
stabilizes the bulge, but in the latter configuration, a network of hydrogen bonds involving C48,
U49, A50, and G77, including a potential A50+C48 G77 base-triple. Both confirmations may exist
in the solution. However, a strong hydrogen bonding network within the bulge supports a stable
rather than a dynamic configuration of this bulge. It is also noteworthy that the NMR structure
represents an isolated sD only. Subdomains and labels are colored analogously for facile

comparison.
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Supplementary Figure 13. Binding of CVB3 5'CL RNA constructs with CVB3 3C protein. The
ITC profiles and corresponding binding curves for the WT 5’CL (a), 5'CL2 (b), and 5'CL4 (c)
RNA constructs. The ITC measurements were conducted in the MicroCal PEAQ-ITC (Malvern

Panalytical), and data were analyzed using its integrated software. The 19 successive injections of

2 ul of the 3C protein (~ 400 uM) were made into the RNA (~10 uM) in the calorimetry cell (see

Methods for experimental details). The reported Kus are the average + standard deviation values

from three independent measurements.
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Supplementary Figure 14. Binding of CVB3 5'CL RNA constructs with CVB3 3C protein. The
ITC profiles and corresponding binding curves for the 5'CL2a (a), 5'CL2-A40U (b), 5'CL-sD-NB
(c), and 5'CL-sD-CN (d) RNA constructs. The ITC measurements were conducted in the MicroCal
PEAQ-ITC (Malvern Panalytical), and data were analyzed using its integrated software. The 19
successive injections of 2 ul of the 3C protein (~ 400 uM) were made into the RNA (~10 uM) in
the calorimetry cell (see Methods for experimental details). The reported Kus are the average +

standard deviation values from three independent measurements.
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Supplementary Figure 15. Binding of CVB3 5'CL RNA constructs with CVB3 3C protein. The

ITC profiles and corresponding binding curves for the isolated sD constructs, the sDi (a), sDi-NB
(b), sDi-U49P (c), and sDi-AS50P (d). The ITC measurements were conducted in the MicroCal

PEAQ-ITC (Malvern Panalytical), and data were analyzed using its integrated software. The 19

successive injections of 2 ul of the 3C protein (~ 400 uM) were made into the RNA (~10 uM) in

the calorimetry cell (see Methods for experimental details). The reported Kus are the average +

standard deviation values from three independent measurements.
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Supplementary Figure 16. The NMR studies of CVB3 5'CL2 construct to probe in solution the
docking A40 into the Py-Py region. (a) The predicted secondary structure of the 5'CL2 RNA
construct. (b) The NOE spectra of A2RU®R (blue) and AR (red) labeled 5'CL2 constructs (see
methods for the experimental details). The Uracil NOE signals highlighted with a star (*) were
further cross-validated to arise from Uracils by U®R labeled samples. (¢) The crystal structure
showing the interactions of A40 with U57 and U74, which is consistent with the NOE signals
observed in solution NMR as shown in b. All H2 of all Adenines were confidentially assigned for
the NOE data, except for the ones that only see the Uracils in the cross-strand and the ones in the
Fab binding loop. Further studies are required to unambiguously rule out that the two Uracil signals
from H2 A40 are from the triloop. The other NOE signals in this region (when following the peaks
along the strand) get very broad, potentially due to the intrinsic flexibility within the region.
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Supplementary Figure 17. The Mg?* dependent NMR spectra of CVB3 5’CL2 construct. The 1D
(a) and 2D (b) NOESY NMR spectrum of a U®R labeled 5'CL2 RNA (c¢) in a buffer containing 20
mM sodium phosphate, pH 7.4, 70 mM KCI, 5 mM NacCl, and 5 mM MgCl: (red). The spectrum
of the same sample after dialysis for 18 hours against the same buffer without the MgCl, (blue).

The Y-axis in a has been offset for clarity.
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Supplementary Figure 18. The human PCBP2 binding tests for the 5S’CLWT (a), S’‘CLWTA40U
(b), 5'CL2 (¢), S’CLWTSP (d), and 5'CLSPA40U (e) (see Methods for the experimental details).

An SDS PAGE gel (f) showing the expected length and high purity of the recombinantly expressed

human PCBP2 protein (see Methods for the expression and purification details). The nPAGE for

testing the binding of PCBP2 with the core CVB3 5'CL constructs as shown in a-c (g) and with

the longer constructs as shown in d and e (h). Each lane contains 100 ng of RNA. Although we did

not observe a clear RNA-PCBP2 complex band for the core constructs, perhaps due to the weak

affinity of PCBP2 for the sB loop, a PCBP2 dose-dependent shift of the RNA bands indicated the

complex formation. Nevertheless, the longer RNA constructs with the 5'CL core plus the C-rich

spacer sequence showed sharp, slow-migrating PCBP2-RNA complex bands in a PCBP2 dose-

dependent manner, suggesting strong binding. Detailed studies with ITC are underway.
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Enterovirus A UAAAACAGCCUGUGGGUUGCACCCACCCACAGGGCCCACUGGGC-GCUAGCACUCUGAUUCUACGGAAUCUUUGUGCGCCUGUUUUA

1592 Sequences
Occupancy
AARACAGCC UCCACCCACAGGGCCUATUGCCCRLUAGCACRCUGUAUSLGCUACCOUUGUGECCCLGUUUUA
Consensus
i’s‘ge;m’"“ss UAAAACAGCCUGUGGGUUGUUCCCACCCACAGGGCCCACUGGGC GCUAGCACACUGGUAUCACGGUACCUUUGUGCGCCUGUUUUA
equences

Occupancy

O 055 A AGAG A LA

C
UAAAACAGCUCUGGGGUUGUUCCCACCCCAGAGGCCCACGUGGCGGCUAGUACUCCGGUAUUACGGUACCCUUGUACGCCUGUUUUA

Enterovirus C
543 Sequences

Occupancy

SN A AACACC (CCCACECCANGBGCCCACSUGGCOGCUAGUACUCUGGURCUUSCUACCULGUACGC

UAAAACAGCCUUGGGGUUGUUCCCACUCCAAGGGCCCACGUGGCGGCUAGUACUCUGGUACUUCGGUACCUUUGUACGCCUGUUUUA

Enterovirus D
319 Sequences

Occupancy

Consensus

BY o0 Y P VL

UAAAACUGGAUCCAGGUUGUUCCCACCUGGAUCUCCCACGUGGA GU - UGUACUCUAUUAUUCCGGUAAUUUUGUACGCCAGUUUUA

Rhinovirus A
127 Sequences

Occupancy

o POCCACCAUCCEAOCCAUUGGCUCUFOUACECGEUNR AU UACCLUEURLCE

47 Sequences UAAAACAGCGGAUGGGUA - CUCCCACCAUCCGACCCACUGGGU GU-AGUACUCUGGUAUUUU - GUACCUUUGUACGCCUGUUUCU
Occupancy J

e R 0 T T G

Rhinovirus C -AAACUGGGUCUAGGUUGUUCCCACCUAGACCACCCACGUGGU-GU - AGUGCUCUUGUAUUCCGGUACACUUGCACGCCAGUUU
66 Sequences

Occupancy

Supplementary Figure 19. The consensus sequences for the 7 types of human enterovirus species
belonging to the enterovirus genus. The sequences available in the NCBI database nucleotide
collection (nt/rt) (https://blast.ncbi.nlm.nih.gov/) for human enteroviral species were filtered for
coverage completeness of the 5'CL region within the S'UTR. These seed sequence data were then
aligned using MuscleWS (http://www.compbio.dundee.ac.uk/jabaws/)!” and visualized in Jalview
(https://www jalview.org/) software.'® The alignment results show the nucleotide consensus and
occupancy level within these 7 species, suggesting a high degree of sequence conservation within

the 5'CL region of enteroviral genomes.
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Supplementary Figure 20. The R-Scape (RNA Structural Covariation Above Phylogenetic
Expectation) analysis (http://eddylab.org/R-scape/)!® of the enteroviral 5'CL consensus secondary
structure. As shown in Supplementary Figure 19 above, the 5'CL sequence alignments for all 7
enteroviral species were further refined to remove duplicate sequences using FASTX-Toolkit
(http://hannonlab.cshl.edu/fastx_toolkit/), and the top 1000 most complete sequences were aligned
via MuscleWS (http://www.compbio.dundee.ac.uk/jabaws/).!” These aligned sequences were then
uploaded into the R-Scape'® to compute a consensus secondary structure of the enteroviral 5'CL.
The secondary structure analysis indicates that the sequence and the structural features within each

subdomain sA, sB, sC, and sD are highly conserved among known enteroviral species.

23



NC_0099961 Human_rhinovirus_C
NC_0383111 Human_rhinovirus_1_strain_
AUCC VR-1559
NC_0016171_Human_rhinovirus_89
NC_0389891 Picornaviridae_sp_rodent
NC_0014901 Rhinovirus_Bl4_complete_se
quence

NC_0383121_ Human_rhinovirus_3

NC —0383091_Simian_enterovirus_SV4_str
ain_1715_UWB

NC 0342671 _Enterovirus_goat_JL14

NC 0383101 Dromedary camel enterov1ru
s_strain_19cc
NC_0018591_Bovine_enterovirus
NC_0087141_Possum_enterovirus_Wl
NC_0298541_Yak_enterovirus_strain_SWU
N-ABOO1
NC_0336951_Enterovirus_AN12_genomic_R
NA_strain__AN12
NC_OZ12201_Enterovirus_F_strain_BEv
-261

NC_0020583_Poliovirus

NC 0383061 “Human_coxsackievirus_A2_st
rain_Fleetwood
NC_0016121_Human_enterovirus_A
NC_0304541 Enterovxrus _All4_strain_V1
3-0285

NC_0014301_Human_enterovirus_D
NC_0383081_Human_enterovirus_68_strai
n_Fermon
NC_0383071_Coxsackievirus_B3_mRNA
NC_0014721 Human_enterovirus_B

NC_ 0240731 Enterov1rus _Sp_. isolate _CPM
L_8109_08
NC_0136951_Enterovirus_J_strain_N203
NC_0104151_Enterovirus_J_strain_1631

B Conservation

B Covariation

sA (P1)

_U
@

U UIAAAJAIC]UIGIGIGICIUIC|GIGIGIUIUIG|U A C[C|C|AICICICIG/AIG C|U|GICICIC| A U/G|UIGIGICISIGIUIS|GIG|U/GICIU|C|U UIGIUIAIUIC C C|G[SIGIUIAIC|AICIUIUIG|C|AIC/GICIC/AGIUIU[U[G]
Uyl BME%EEEEEEEEM uluic HEBEE%EEEE AUGIGIGU[=IG|UI=| EEEEEEEME U(C(C|GI=IGIUIAAIC|UIUIUIGIUJAICIGICIC/AIGIUIU|U|U]
U/UIAIAAIAIC] G|A|G|U|GIGIG|U|UIG|U U C|C|C|AICIBIC|AIC]| C[CIC/AU|GICIGIGIU|=IG|UI=|U/G|UJAICIUIC|U/GIU[U/A|UIU A CGI=IG UIA|A|C|UIUIUIG|UJAICIGIC|C|AGIUIU|U|U]
UU/A/A/AAIGIAGIC|C|U|GIGIG/GIGIUIGIA C U C|CIAIGICIC|CICIC/AIGGIAICICICIA C|GIU/GIG UIEIGIC! |AICIUIAIC|UIUIAIGU|U A c GISJAlUUIAUUUIAGIUGICIGICIClU[clulUUlU]
JUUAIA/AJAICIAIGICIGIGIAIUGIGIGIUIE] ICAE[C[C] GIAC|CIC|A |U|U[GIGIGIU[=|G|UIEIA GIUJAICIUC|UIGIGIUIAIC|U A UEI=|GIU/AICIC|U|UUIGIU/AICGICIC|UIG U UU[C]
UUA/A/A/AICIAIGICIGIGIAIU[GIGIGIUI=| =[C] G/AC[CICIA C|U[GIGIGIU[=|G|UI=IA/G|UJAICIUIC|UIGIGIUIAIC|U U CE/=|GIU/AICIC|U|U|UIGIU[AICIGICIC|UIG[UIU[C U]
U/UAIA/A/A/UIAIGICIUGIC|UIGIGGIUIUIG U] Juc| GIG/C[C|C|A C|U|GIGIGICIS|G|UI=IG AlUAIC|UIC|UIGIGIU/AIUIU G [ GI=|GIUJAIC CU[UUGIU| {UAUUUY]
U AIA/A/AICICIAIA[CICICIGIGIGIG GIUIUY cc| EEEEEACGEEEEEEEﬂAGEEEEEEEEEEEGC |GAAC|C|UUIUGIC|AICGICICUGIUIU|U|U]
U UA/A/A/AICIAIGICICIUIGIGIGIG GIU|U] C[C| GIGIC|CI|C|A C|G|UGIGICIE[GIC|A AIGIUAICIUIC|UIGICIUIUIC|G U|U AEIGAAIGIC|C|UUIGIU/AICGICIC|UIGUIU[U U]
UUA/A/AAICIAGICICIUIGIGIGIG GIU[Uf (C] G/GICICICA GEEEEHEEUAGEEEWEEEEEE GUUIAEIG/A/AICCIUUUIGIU/AICGICICIU/GIUUIUIU]
ﬂEGBEEEEEEGEEEEEEEEG C| EEEEEACGEEEEEEQﬂﬁgEE?E@EEE ggﬂ:ﬂEEBEEEEEEEEg@%HEEEWEE
e 8 g e
asaaﬁgsaa% e
UUA/AJAAICIAIGICICIU E@EE@E C E G/GC[CICIAC EEEEHEE EEEEEEE BCEEEEEM /CG/CCluGIUIUU|Y
U UAJAA/AIC|AIGIC|CIUGIUGIGIGIU[UIG U EE EACU E EUAGCEEEEEE UA Ju/c|cujuGlu/GClG[c/cluiGIU[ulU[U]
U U/AJAJA'A[CIA[GICIC|U|GIU|GIGIG|U|U [C[C]| AC|U] IClUAGICIAC|UCIUG[G C HEHHEEEEEEE ICIGIC[CU[GIUU|U|U]
U\U/A/AJAAICIAIGICIUICIU[GIGIGGIU[UIG U cic| ACGMEE GGIUAGUBIEIEEE C G[ElGIUIA[c|cIclulUG|UJaIC/GIC|clUiGIUIU|U|U]
U/UIAJAJAAICIAIGICIUICIUIGIGIGGIU[UIG U BicAIAGIGEIGICICICIA C G cclaiclu! A mm {UClUGIGIUAIUIC u c GEIGIUIA[C|C|UlUIUG|UJAIC/GIC|CUIGIUIU|U|U]
U UAJA/A/AIC|AGICICIUIGIUIGIGGIU|U BEEEEE AUl HEE CACUCIUGIGIUAUIC/A HEEEEEEEEEE ICGccluGuuluuf
U UAJAJAAICIAIGICIC|UGIUIGIGIGIUUGIU U C[C[CIA[C[C[C| EEEHEEEEAUUEEEEHEIUAGCEIEIEEEEEE EIGUAICIC|U] UG ICIGIC[ClU[GlUUU|U}
uUAEEEEEEEEEEEEEEMMGUucCEEEEEEEEEEEEEG EEEEHEI MEIEEEEEEEECA HEEBEEEEEEIBE@EEEEMMEE
U/UIAJA/AA/UIAIGICICIUIC|AIGIGGIU|UIG|U U C[CICIAICICIC|UGIAIGIGIG \UG/GIU[=IGIUI=|A|GIU/AIC|U|C|UGIGIUJA|U|U A 'C GI=IGIUIA[C|C|UIUIUIG|UJAICIGIC|C|UIAIUIU|U|U]
UUAAAAUIAGCICUC/AGIGGUILG U U CClClACCClUG] EEEEEEE EEEEHEEH EEEEEEEEEEECAAGHEEBEEEEEEEEE@IEEEEEEE

= One-sided B Non-canonical ®  Unpaired m Gap

Supplementary Figure 21. The sequence alignment and base-pair conservation for the enteroviral

5'CL sequences. The alignment of the 25 reference enteroviral sequences available in the NCBI

RefSeq database (https://www.ncbi.nlm.nih.gov/refseq/) with complete 5'CL sequences was

performed using NCBI Nucleotide BLAST tool (https://blast.ncbi.nlm.nih.gov/Blast.cgi). The

resulting multi-alignment file was visualized using the R-Chie (RNA Arc Diagram web server,

https://www.e-rna.org/r-chie/).?’ The results further elucidate the high conservation of the base

pair numbers within 5'CL subdomain helices and their alignment among all members of the

enterovirus genus. Specifically, the length of the sC helix (4 base pairs) and sD helix preceding

the Py-Py region (6 base pairs interrupted by dinucleotide bulge) appear highly conserved, which

is consistent with the viral requirement for maintaining the long-range interactions between the sC

A40 and the central CeU pair in the sD Py-Py helix as observed in our CVB3 5'CL crystal structure.
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