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%!>(0'Q,S!'hG%=!0,#d!q#!<&!.%>'>!(&!Z/(./!7G=0(M='!M,.5'0>!Z'-'!(N'&0(9('N!9,-!0/'!>%7'!=(3%&N)!

Z'!G>'N!;'=%G&%E!0-(%&3G=%0(,&!0,!>'='.0!0/'!M,.5'0>!,..GM('N!QE!%0!='%>0!LPi!,9!0/'!=(3%&N!

%0,7>!e6/07-!8: f#!

a#! ",-! 0/'! M,.5'0>! ,..GM('N! QE! =(3%&N>)! Z'! %&%=EF'NV! I,=G7')! &G7Q'-! ,9! >(0'! M,(&0>)!

/EN-,M/,Q(.(0E)!/EN-,M/(=(.(0E)!'&.=,>G-'!e,-!QG-('N&'>>f)!N,&,-_%..'M0,-!./%-%.0'-)!8(0'8.,-')!

%&N!;>.,-'#!RS.'M0!9,-!0/'!I,=G7')!0/'>'!%-'!G&(0='>>!hG%&0(0('>!Z/,>'!-%&3'>!Z'-'!.%=(Q-%0'N!

,&!%!Q'&./7%-5!>'0!,9!M-,0'(&Y=(3%&N!.,7M='S'>#!<&!M%-0(.G=%-)!8(0'8.,-'!%&N!;>.,-'!hG%&0(9E!

0/'!M-,M'&>(0E!,9!%!M,.5'0!0,!Q(&N!=(3%&N>!%&N!N-G3Y=(5'!7,='.G='>)!-'>M'.0(I'=E#!6,0/!>.,-(&3!

9G&.0(,&>!%-'!N'9(&'N!(&!0'-7>!,9!M,.5'0!>(F'!e" f)!'&.=,>G-'!e- f)!%&N!/EN-,M/(=(.(0E!e; f!%>V#

! ! " #$ % ! " " & % !# " ' !
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Z(0/!N(99'-'&0!.,'99(.('&0>!9,-!8(0'8.,-'!e! ! ( )*)+,,- .! " ( )*//00- .! # ( 1)*2) f!%&N!;>.,-'!

e!3 ( .)*)45- .!2 ( )*/).- .!, ( )*,25 6f##

;5<=>?88! @-0%*&-!" +/'! 1X*<6]88! N%0%Q%>'! (>! %I%(=%Q='! ,&=(&'! 0/-,G3/! %! Z'Q! %MM=(.%0(,&!

e/00M>V__/%-(Q,>>#M%>0'G-#.=,GNf#!+/'! ,&=(&'! I'->(,&! ,9!1X*<6]88!(>! '&-(./'N!Z(0/!%NN(0(,&%=!.-,>>Y

=(&5>!%&N!M-,M'-0('>)!'(0/'-!9'0./'N!9-,7!*D86!$;6!,-!.,7MG0'N!G>(&3!0/'!*;s(0!=(Q-%-E! #!+/'!Z'Q!

%MM=(.%0(,&! %==,Z>! 0,! hG'-E)! I(>G%=(F'! %&N! N,Z&=,%N! 0/'! N%0%! G>(&3! '(0/'-! %! .,7M,G&NY.'&0-(.! ,-! %!

.,7M='SY.'&0-(.!M'->M'.0(I'#!

+/'!.,7M,G&NY.'&0-(.!M'->M'.0(I'!e/00M>V__/%-(Q,>>#M%>0'G-#.=,GN_.,7M,G&N>_f!%==,Z>!0,!%..'>>!0/'!=(>0!

,9! .,7M,G&N>! (N'&0(9('N! %>! *KX! Q(&N'->! (&! 1X*<6]88#! 2G=0(M='! ,M0(,&>! %==,Z! 0,! 9(=0'-! 0/'>'!

.,7M,G&N>!Q%>'N!,&!0/'(-!M-,M'-0('>!e'#3#!7,='.G=%-!Z'(3/0f!,-!,&!0/'!M-,M'-0('>!,9!0/'!$;6!.,7M='S'>!

Z/'-'!0/'E!/%I'!Q''&!(N'&0(9('N!e'#3#!'SM'-(7'&0%=!-'>,=G0(,&f#!<0!(>!M,>>(Q='!0,!I(>G%=(F'!0/'!.,7M,G&N>!

'(0/'-!%>!0/G7Q&%(=>!e0/'!N'9%G=0!-'M-'>'&0%0(,&f)!%>!%!=(>0! ,-!%>!%!0%Q='#!+/'!N'0%(=>! ,9! '%./! ,9!0/'>'!

.,7M,G&N>! (&.=GN'! N(99'-'&0! (N'&0(9('->! e82<jR8)! <H$XD)! <&D/()! <&D/(s'Ef)! %>! Z'==! %>! =(&5>! 0,!

'S0'-&%=! N%0%Q%>'>)! .,7M=(%&.'! Z(0/! >,7'! ,9! 0/'! N-G3Y=(5'&'>>! .-(0'-(%)! %&N! 0/'! =(>0! ,9! *KXY82!

.,7M='S'>!(&!Z/(./!'%./!.,7M,G&N!/%>!Q''&!(N'&0(9('N#!2G=0(M='!'='7'&0>!,9!0/(>!>'.0(,&!,9!0/'!Z'Q!

%MM=(.%0(,&!Z'-'! /'%I(=E!(&>M(-'N!QE!0/'! ($$<Y;6!N%0%Q%>'!`COb#!+/'!3-%M/(.%=!-'M-'>'&0%0(,&! ,9!0/'!

.,7M,G&N>!G>'>!0/'!87(='>;-%Z'-!.,7M,&'&0!̀ CBb#!

+/'!.,7M='SY.'&0-(.!M'->M'.0(I'!e/00M>V__/%-(Q,>>#M%>0'G-#.=,GN_.,7M='S'>_f!M-,I(N'>!%&!%..'>>!0,!0/'!

=(>0!,9!*KXY82!.,7M='S'>#!<0!%=>,!(&.=GN'>!9(=0'-(&3!,M0(,&>!Q%>'N!,&!0/'!M-,M'-0('>!,9!0/'!.,7M='S'>)!

%>!Z'==!%>!,9!0/'!%>>,.(%0'N!=(3%&N>#!",-!'%./!.,7M='S)!%!N'0%(=!M%3'!M-,I(N'>!%!3-%M/(.%=!-'M-'>'&0%0(,&!

,9!0/'!.,7M='S)!G>(&3!0/'!K4j!=(Q-%-E!`C?b)!%&N!(0>!7%(&!M-,M'-0('>#!+/(>!M%3'!%=>,!=(>0>!0/'!(N'&0(9('N!

M,.5'0>)!.,=,-Y.,N'N!%..,-N(&3!0,!0/'(-!8(0'8.,-'!=(3%&N%Q(=(0E!>.,-'#!8'='.0(&3!0/'!M,.5'0>!%==,Z>!0,!

/(3/=(3/0!0/'7!(&!0/'!3-%M/(.%=!-'M-'>'&0%0(,&!,9!0/'!.,7M='S#!6,0/!0/'!.,7M,G&NY!%&N!.,7M='SY.'&0-(.!

M'->M'.0(I'>!M-,I(N'!>(7(=%-!N,Z&=,%N!9'%0G-'>!0,! -'0-('I'! '(0/'-!0/'! '&0(-'!hG'-E!-'M-'>'&0'N! ,&!0/'!

>.-''&!,-!%!>'0!,9!(0'7>!0/%0!.%&!Q'!>'='.0'N!G>(&3!0/'!.,--'>M,&N(&3!./'.5Q,S'>#"

!
! !! ""#$%&&'()*(+,&-.*/01-&234('(*/5-678!
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#/2,8.2)*:0)092+,2293:2)

1 X*<6]88! (>! .,&>0-G.0'N! (&! A! >0'M>! e1*23! 45)! 2%0'-(%=>! %&N! 2'0/,N>fV! (&(0(%=! 9'0./(&3! ,9! *KX!

>0-G.0G-'>!9-,7!0/'!$;6)!9(=0'-(&3!,9!0/'!N%0%Q%>'!0,!(N'&0(9E!>E>0'7>!Z(0/!%0!='%>0!,&'!>7%==!7,='.G='!

Q,G&N!0,!*KX!e-'NG&N%&0!1X*<6]88f)!%&N!.=G>0'-(&3!Q%>'N!,&!*KX!>'hG'&.'!(N'&0(0E!%&N!M,.5'0!

>0-G.0G-%=! >(7(=%-(0E! e&,&Y-'NG&N%&0! 1X*<6]88f#! X>! ,9! 2%E! LPLL)! 0/'! -'NG&N%&0! I'->(,&! ,9!

1X*<6]88!.,&0%(&>!O@d!$;6!>0-G.0G-'>!,9!*KXY82!.,7M='S'>)!9,-!%!0,0%=!,9!@LLd!M,.5'0>!,..GM('N!

QE!LdO!G&(hG'!=(3%&N>#!X90'-!.=G>0'-(&3)!0/'!&,&Y-'NG&N%&0!I'->(,&!,9!1X*<6]88!.,&0%(&>!aBa!$;6!

>0-G.0G-'>)!Z(0/!%!0,0%=!,9!dOd!M,.5'0>!,..GM('N!QE!LdO!G&(hG'!=(3%&N>#!<&!0/'!9,==,Z(&3!M%-%3-%M/>)!Z'!

M-'>'&0!%&!,I'-I('Z!,9!0/'!3'&'-%=!M-,M'-0('>!,9!0/'!>0-G.0G-'>!(&.=GN'N!(&!0/'!1X*<6]88!N%0%Q%>')!0/'!

M/E>(.,Y./'7(.%=!M-,M'-0('>!,9!0/'!=(3%&N>!Q,G&N!0,!*KX)!%&N!,9!0/'!M,.5'0>!%&N!.%I(0('>#!!

G-"-0+%#;0';-0*!-$#',#*.-#H?=(4IFF#$*07&*70-$)!+/'!7,='.G=%-!.,7M,>(0(,&!,9!0/'!>0-G.0G-'>!./%&3'N!

%0!N(99'-'&0!>0%3'>!,9!0/'!.,&>0-G.0(,&!,9!0/'!N%0%Q%>'#!<&(0(%==E)!1X*<6]88!.,&0%(&>!>E>0'7>!.,7M,>'N!

,9!*KX_M-,0'(&! .,7M='S'>!eC?#Aif)! *KX!7,='.G='>! ,&=E!eLA#@if)! *KX_M-,0'(&_;KX!e@A#aif!%&N!

*KX_;KX!.,7M='S'>!ea#Lif!e 1*23!45A!)9/$f#!X==!0/'!*KX_M-,0'(&_;KX!.,7M='S'>!%=,&3!Z(0/!>'I'-%=!

*KX_M-,0'(&!.,7M='S'>!Z'-'!9(=0'-'N!,G0!Q'.%G>'!7,='.G='>!,0/'-!0/%&!*KX!Z'-'!(&I,=I'N!(&!=(3%&N!

Q(&N(&3!%&N!0/'-'9,-'!Z'-'!Q'E,&N!0/'!>.,M'!,9!0/'!M-'>'&0!>0GNE!e1*23!45A!'-.f#!<&!0/'!&,&Y-'NG&N%&0!

I'->(,&!,9!1X*<6]88)!0/'!7%c,-(0E!,9!>0-G.0G-'>!edL#Pif!.,&0%(&'N!,&=E!*KX!7,='.G='>)!Z/(='!0/'!

-'7%(&(&3!M%-0!.,&>(>0'N!,9! '(0/'-!*KX_M-,0'(&!eAO#Bif! ,-!*KX_;KX!eP#Lif! .,7M='S'>#!e1*23!45A!

9-77#@f#!+/'! >E>0'7>! (&(0(%==E! (&.=GN'N! (&! ,G-!N%0%Q%>'!>(3&(9(.%&0=E! I%-E! (&!>(F')!Z(0/!%!0,0%=!7%>>!

-%&3(&3!9-,7!P#C!0,!@P%!5;%!-'3%-N='>>!,9!0/'!M-'>'&.'!,9!%!>7%==!7,='.G='!e1*23!4>A!)9/$f#!<&0'-'>0(&3=E)!

%==!0/'!>0-G.0G-'>!%Q,I'!@P#'5;%!%-'!-(Q,>,7%=!*KX_M-,0'(&!.,7M='S'>#!"G-0/'-7,-')!0/'!9(=0'-(&3!,9!0/'!

(&(0(%=!N%0%Q%>'!-'NG.'N!0/'!&G7Q'-!,9!>0-G.0G-'>!Z(0/!7%>>!Q'=,Z!C!5;%!9-,7!LAi!0,!?i!e1*23!4>A!

'-. f#!+/(>!>(3&(9(.%&0!-'NG.0(,&!>GMM,-0>!0/'!(N'%!0/%0!*KX!7G>0!/%I'!>G99(.('&0!>0-G.0G-%=!.,7M='S(0E!

0,!Q(&N!>7%==!7,='.G='>!!`@a)!@B)!aPb#!

+/'!7%c,-(0E!,9!>0-G.0G-'>!(&!0/'!&,&Y-'NG&N%&0!I'->(,&!,9!1X*<6]88!euBAif!Z'-'!N'0'-7(&'N!QE!^Y

-%E!.-E>0%==,3-%M/E!Z(0/!%!0EM(.%=!-'>,=G0(,&!,9!L#B!q#!1,Z'I'-)!,I'-!0/'!M%>0!C!E'%->!0/'!&G7Q'-!,9!

.-E,Y'='.0-,&! 7(.-,>.,ME! e.-E,YR2f! >0-G.0G-'>)! (&! M%-0(.G=%-! ,9! =%-3'! -(Q,>,7%=! *KX_M-,0'(&!
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.,7M='S'>)!/%>!>0'%N(=E!Q''&!(&.-'%>(&3!e1*23!4"f!%&N!.G--'&0=E!-'M-'>'&0>!@@i!,9!,G-!N%0%Q%>'!Z(0/!%!

0EM(.%=! -'>,=G0(,&! ,9! A#P! q#! "(&%==E)! >0-G.0G-'>! N'0'-7(&'N! QE! KG.='%-! 2%3&'0(.! *'>,&%&.'! eK2*f!

>M'.0-,>.,ME! .,&>0(0G0'>! 0/'! -'7%(&(&3! di! ,9! 0/'! N%0%Q%>'#! D-E,YR2! %&N! K2*! >0-G.0G-'>! %-'!

M%-0(.G=%-=E! (&0'-'>0(&3! 9-,7! 0/'! M,(&0! ,9! I('Z! ,9! -%0(,&%=! N-G3! N'>(3&! %>! 0/'E! M-,I(N'! NE&%7(.!

(&9,-7%0(,&!%Q,G0!0/'! *KX!7,='.G='>!0/%0! .%&!Q'! 'SM=,(0'N! (&! I(-0G%=!>.-''&(&3>! `dPb#! ]I'-%==)!0/'!

&G7Q'-!,9!*KXY82!>0-G.0G-'>!N'M,>(0'N!(&!0/'!$;6!'I'-E!E'%-!(>!.,&>0%&0=E!(&.-'%>(&3!%>!%!-'9='.0(,&!

,9!0/'!3-,Z(&3!(&0'-'>0!,9!0/'!.,77G&(0E!(&!>0GNE(&3!*KXY82!(&0'-%.0(,&>!e1*23!4"f#!!

Properties of the HARIBOSS ligands. To explore the chemical space of RNA binders, we first created a 

dataset of unique ligands, based on their PDB identifier. As of May 2022, the total number of unique 

ligands in the HARIBOSS database is 267. Among these ligands, there are 11 that appear in more than 

10 structures of the non-redundant HARIBOSS (Table S3). To provide an overview of the chemical 

matter present in our dataset, we used a minimum spanning tree representation (Materials and Methods) 

(Fig. 2A). Diverse ligand scaffolds are present, with some of them belonging to known classes of 

therapeutic agents. There is a significant number of structures of known antibiotics, like Linezolid and 

other oxazolidinones, Tiamulin, Eravacycline and other tetracyclines (Fig. S2). It is not surprising that 

GTP and nucleoside analogs as well as long polar molecules, like PEG and spermidine-derived 

polyamines, also appeared as common RNA binders.  

The high polarity of RNA binders is depicted in their TPSA distribution, with less than half of the 

molecules (44%) being beyond the Veber drug-likeness threshold (140 •2) (Fig. 2B). This high polarity 

is in line with the overall good solubility of the ligands in our HARIBOSS dataset (Fig. 2C). The 

compounds in our database significantly vary in size with a molecular mass spanning a range from 162!

;%!0,!972 Da. The vast majority of these compounds (82%) have a mass lower than 600 Da (Fig.  2D). 

Approximately 30% of the RNA binders had a number of either donors and/or acceptors above the drug-

likeness threshold (Fig. 2E and Fig. S3). This is again consistent with the high polar nature of these 

small molecules as well as the RNA targets. Moreover, RNA structurally forms Òwarm-likeÓ long 

cavities and therefore long and flexible small molecules are expected to be among its binders. This is 
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confirmed by the distribution of the total number of rotatable bonds of the HARIBOSS small molecules, 

which in 12.4% of the cases exceed the LipinskiÕs threshold of 10 rotatable bonds (Fig. 2F).    

All the above-mentioned properties are reported also on the HARIBOSS website 

(https://hariboss.pasteur.cloud). To complement the analysis of the small-molecule chemical space, 

QikProp (Schrordinger Suite 2021.v3) was used to calculate the following properties: solvent-accessible 

surface area (SASA) and its hydrophobic and hydrophilic content (FOSA and FISA respectively), 

predicted IC50 value for blockage of hERG K+ channels (QPlogHERG), Caco-2 cell permeability 

(QPPCaco) and brain/blood partition coefficient (QPlogBB). Based on this analysis, SASA was found, 

as expected, to be proportional to the MW with the exception of very large molecules (MW>600) in 

which the ligand conformation may significantly alter SASA (Fig. S4). On the contrary, weaker 

correlations were found between MW and both FOSA (Fig. S5) and FISA (Fig. S6), and between FISA 

and FOSA (Fig. S7). Interestingly, 25.2% of our ligand database is above the FISA drug-like threshold, 

while only 3% shows high FOSA, in agreement with TPSA (Fig. 2B). Among the set of unique RNA 

binders 55% do not show potential hERG liabilities (Fig. S8). Approximately half of the ligands (52%) 

are predicted to have poor Caco-2 cell permeability (Fig. S9) while more 70% of the molecules have a 

good predicted brain/blood partition coefficient (Fig. S10).  !

20';-0*!-$#',#*.-#=>?#;'&:-*$#+"5#&+D!*!-$)#<&!0/'!&,&Y-'NG&N%&0!I'->(,&!,9!1X*<6]88)!0/'!7%c,-(0E!

,9!M,.5'0>!,..GM('N!QE!=(3%&N>!%&N!(N'&0(9('N!QE!8(0'2%M!%&N!753-(N^9!e2%0'-(%=>!%&N!2'0/,N>f!%-'!

9,-7'N!QE!%!>(&3='!*KX!./%(&!edOif)!Z/(='!0/'!-'7%(&(&3!%-'!%0!0/'!(&0'-9%.'!,9!0Z,!eL?if!,-!7,-'!

eaif!*KX!./%(&>!e1*23!B5A!E'==,Z!Q%->f#!]I'-%==)!7,>0!,9!0/'>'!M,.5'0>!edOif!Z'-'!.,&>(N'-'N!0,!Q'!

M,0'&0(%=!=(3%&N!Q(&N(&3!>(0'>!e=(3%&N%Q='f!%..,-N(&3!0,!0/'!8(0'8.,-'!>.,-(&3!9G&.0(,&!e8(0'8.,-'!v!P#B)!

1*23!B>f#!1,Z'I'-)!%..,-N(&3!0,!0/'!;>.,-'!>.,-')!,&=E!ACi!,9!0/'!M,.5'0>!Z'-'!.=%>>(9('N!%>!N-G33%Q='!

e;>.,-'!v!P#?Bf)!Lai!%>!N(99(.G=0!0%-3'0>!eP#BA!w!;>.,-'!x!P#?Bf)!%&N!0/'!-'7%(&(&3!a@i!%>!G&N-G33%Q='!

e1*23!B"f#!8(0'8.,-'!%&N!;>.,-'!N'M'&N!,&!>'I'-%=!M/E>(.,Y./'7(.%=!M-,M'-0('>!,9!0/'!M,.5'0!%&N!/%I'!

Q''&! ,M0(7(F'N! 9,-! M-,0'(&! 7,='.G='>#! X7,&3! 0/'>'! M-,M'-0('>)! *KX! M,.5'0>! M-'>'&0'N! %! 0EM(.%=!

/EN-,3'&YQ,&N! N,&,-_%..'M0,-! ./%-%.0'-! e1*23! BCf! %&N! /EN-,M/(=(.(0E! e1*23! BDf! >(7(=%-! 0,! M-,0'(&>#!
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1,Z'I'-)!*KX!M,.5'0>!%MM'%-'N!0,!Q'!='>>!/EN-,M/,Q(.!e1*23!B1E!%&N!7,-'!'SM,>'N!0,!>,=I'&0!e1*23!

BFf#!+/(>!N(99'-'&0!./%-%.0'-!(>!%!.,&>'hG'&.'!,9!0/'!7,-'!M,=%-!&%0G-'!,9!*KX!7,='.G='>#!

X!>(3&(9(.%&0!&G7Q'-!,9!M,.5'0>!Z%>!.,&>(N'-'N!&,&!=(3%&N%Q='!e8(0'8.,-'!x!P#B)!1*23!B>f#!<&!7%&E!

.%>'>)!=,Z!=(3%&N%Q(=(0E!%&N!N-G33%Q(=(0E!.%&!Q'!(&0'-M-'0'N!(&!0'-7>!,9!0/'!M/E>(.,Y./'7(.%=!M-,M'-0('>!
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Figure 1. General properties of the RNA-SM structures included in the HARIBOSS database. A) 

Composition of HARIBOSS in terms of RNA, RNA-protein, RNA-DNA and RNA-DNA-protein 

structures at the different steps of the database construction: initial fetching from the PDB database 

(cyan), filtering based on ligand composition and nature of the interacting partners (redundant 

HARIBOSS, red), clustering based on sequence and pocket structure similarity (non-redundant 

HARIBOSS, yellow). B) Distribution of the total mass of the system at the three different steps of 

HARIBOSS construction. C) Number of PDBs in the non-redundant HARIBOSS resolved by X-ray 

crystallography (X-ray, light green), cryo-electron microscopy (cryo-EM, green) and Nuclear Magnetic 

Resonance spectroscopy (NMR, dark green) as a function of the deposition year. 
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Figure 2. Pharmaco-chemical properties of the ligands in the HARIBOSS entries.  A) 2-D 

representation of the chemical space of the 267 unique RNA binders obtained by an undirected weighted 

c-approximate k-nearest neighbor graph (Materials and Methods). Each node represents a ligand and is 

colored by its molecular weight (MW). B Ð F) Distributions of pharmaco-chemical properties of the 

ligands: the topological polar surface area (TPSA, B), the octanol-water partition coefficient (AlogP, 

C), the molecular mass (D), the number of rotatable bonds (E), and the sum of hydrogen bond donors 

and acceptors (F). For each panel, the dashed line indicates the threshold that defines drug-like 

compounds based on LipinskiÕs rule of 5 [61] or Veber rule [62]. Green/red portions of the histogram 

represent the regions satisfying/violating these criteria.  
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Figure 3. Physico-chemical properties of RNA-SM pockets.  A) Number of RNA-SM pockets as a 

function of the number of interacting RNA chains in the redundant (red) and non-redundant (yellow) 

HARIBOSS database. B Ð G) Violin plots representing the distributions of properties of RNA-SM 

pockets calculated by SiteMap: ligandability (SiteScore, B) and druggability scores (Dscore, C), 

hydrogen bond donor/acceptor character (D), hydrophilicity (E), hydrophobicity (F), and buriedness 

(G). The average values of these properties calculated on a benchmark of protein-SM complexes is 

represented by dashed lines [55, 56]. H) Volume distribution of RNA-SM pockets calculated with 

SiteMap (light green) and 753-(N^9!`a?b (dark green) on the redundant HARIBOSS database, and with 

PocketFinder (orange) in Hewitt et al. [40]. The x-axis is limited at 1250 •3. 
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Figure 4. Examples of RNA-SM structures included in HARIBOSS: a RNA primerÐtemplate bound 

to ligand 5GP (PDB 5dhb, A), the Mango-II Fluorescent RNA aptamer bound to ligand EKM (PDB 

6c64, B), the Fusibacterium ulcerans ZTP riboswitch bound to UG4 (PDB 6wzs, C), and the Corn RNA 

aptamer bound to ligand 747 (PDB 5bj, D).  Left column: PDB code and structure of the RNA-SM 

complex. Right column: name, molecular weight, 2D representation of the small molecule, table with 

ligand properties calculated by SiteMap, and close view of the pocket occupied by the small molecule.  

The following types of RNA-SM interactions are highlighted by dashed lines: hydrogen bonds (yellow), 

salt bridges (purple), and ! -!  stacking (cyan). 
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