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Abstract

RNA–protein interactions occur in many biological processes. To understand the mechanism of

these interactions one needs to know three-dimensional (3D) structures of RNA–protein com-

plexes. 3dRPC is an algorithm for prediction of 3D RNA–protein complex structures and consists of

a docking algorithm RPDOCK and a scoring function 3dRPC-Score. RPDOCK is used to sample pos-

sible complex conformations of an RNA and a protein by calculating the geometric and electro-

static complementarities and stacking interactions at the RNA–protein interface according to the

features of atom packing of the interface. 3dRPC-Score is a knowledge-based potential that uses

the conformations of nucleotide-amino-acid pairs as statistical variables and that is used to choose

the near-native complex-conformations obtained from the docking method above. Recently, we

built a web server for 3dRPC. The users can easily use 3dRPC without installing it locally. RNA and

protein structures in PDB (Protein Data Bank) format are the only needed input files. It can also in-

corporate the information of interface residues or residue-pairs obtained from experiments or the-

oretical predictions to improve the prediction.

Availability and implementation: The address of 3dRPC web server is http://biophy.hust.edu.cn/

3dRPC.

Contact: yxiao@hust.edu.cn

RNA–protein interactions play important roles in many biological

processes. The detailed information of these interactions can be ob-

tained from 3D structures of RNA–protein complexes. But at present

the number of experimental 3D RNA–protein structures is very lim-

ited. Many computational algorithms for predicting RNA–protein

complex structures have been proposed (Chen, 2004; Li et al., 2012;

Perez-Cano et al., 2010; Tuszynska and Bujnicki, 2011; Zhang et al.,

2017), including our protocol 3dRPC (Huang et al., 2013).

3dRPC originally consisted of a docking procedure RPDOCK

and a scoring function DECK-RP (Huang et al., 2013). RPDOCK is

a docking procedure specific to RNA–protein complexes to sample

the conformational space of a RNA–protein complex. It used a dif-

ferent set of parameters from those for protein–protein complexes

to calculate the geometric complementarity since the atom packing

at the RNA–protein interface is different from that at the protein–

protein interface. It also includes electrostatic effect and stacking

interactions between aromatic side chains and bases. DECK-RP

is a distance- and environment-dependent, coarse-grained and

knowledge-based potential for RNA–protein complexes that uses an

improved reference state. In the current version 3dRPC, DECK-RP

has been replaced by a new knowledge-based potential 3dRPC-

Score (Li et al., 2017). It uses the conformations of nucleotide-

amino-acid pairs as statistical variables and takes into account both

distance and orientation between the amino acid and nucleotide of a

pair instead of the residue-residue distances since the energy of a

nucleotide-amino-acid pair depends on its conformations. 3dRPC-

Score was benchmarked on different unbound docking decoy sets

(Li et al., 2017), and compared with DECK-RP and ITScore-PR

(Huang and Zou, 2014). The results showed that 3dRPC-Score per-

forms better than DECK-RP. Furthermore, 3dRPC-Score is good for

the decoys sets with near-native structures of lower quality while

ITScore-PR is good for the decoys sets with near-native structures of
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higher quality. In general, 3dRPC-Score performs consistently well

for different test sets.

3dRPC has been used by many researchers (Cruz et al., 2015;

Rabal et al., 2016). But the original 3dRPC program was not a web

server and needed to be installed locally by users and so was not so

easy to use, although we have given the detailed steps of installing

3dRPC locally (Huang et al., 2016). Now we have built a web server

of 3dRPC and the users just need to input the 3D structures of the part-

ners of RNA–protein complexes and click the ‘submit’ button after

which they can obtain the predicted complex structures automatically.

In the following we give a brief description of the algorithm and

web server of 3dRPC. The algorithm of 3dRPC is divided into two

steps:

(1) Rigid-body docking by RPDOCK (Huang et al., 2013).

RPDOCK is an FFT-based rigid-body sampling method, which is

similar to the protein–protein docking algorithm FTDOCK (Gabb

et al., 1997). First, the protein is discretized into a three-dimensional

grid and the RNA is rotated in Euler angles and then discretized into

the three-dimensional grid too. Next, a full translation scan is per-

formed. After the translation scan, top three poses are retained ac-

cording to the RPDOCK score. FFT is used to accelerate the

calculation and the structures of the complexes are sampled in

Fourier phase space. The process is repeated until full rotation scan

is completed. The RPDOCK score is composed of two items:

geometric complementarity (GC) and electrostatics (ELEC). The

electrostatics is calculated by Coulomb’s formula with a distance-

dependent dielectric and the charge is extracted from AMBER

force field (Case et al., 2005). In order to consider the effect of

stacking interactions between aromatic side chains and bases, they

are assigned different weights. In the current web-server version

RPDOCK can also incorporate information of interface nucleotides/

amino-acids predefined or obtained from experiments or theoretical

predictions [e.g. SRCpred (Fernandez et al., 2011)] to improve the

prediction by assigning a larger confidence factor to the restrained

nucleotides/amino-acids during the FFT, which uses the same

method that we used for protein–protein docking (Li et al., 2013).

(2) Scoring by 3dRPC-Score (Li et al., 2017). In this step the

models generated by RPDOCK are scored by 3dRPC-Score. For

each model, all the nucleotide-amino-acid pairs are extracted from

the complex and their all-atom RMSDs in relative to the standard

pairs of 3dRPC-Score are calculated, respectively. The score of a

pair is set to that of the standard pair that has the minimum RMSD

value in relative to it. The score of the model is the sum of the scores

of all the pairs. Then, the generated models are ranked according to

their scores. Similarly, in the current web-server version 3dRPC-

Score can use the distance restraints of interface nucleotide-amino-

acid pairs predefined or obtained from experiments or theoretical

predictions to filter the generated models first (Fig. 1).

The 3dRPC webserver has a mainpage that contains a new task

area, a submitted tasks area, a task query area and an area with ref-

erences, from the top down. Users can directly use 3dRPC and need

not to register. In the new task area there are five input fields (email,

protein structure, RNA structure, number of predictions and scoring

functions). In this area there also includes an ‘Advanced settings’ in

which the users can input the information of interface residues or

residue-pair distances obtained from experiments or theoretical pre-

dictions, which can be used to improve the prediction accuracy. The

main steps of predicting 3D RNA–protein complex structures by

using 3dRPC webserver is as follows:

(1) Firstly, load PDB-formated structure files of the protein and

RNA partners in the textboxes ‘Protein structure’ and ‘RNA

Structure’, respectively; Secondly, input how many models you want

to predict in the textbox ‘Number of Predictions’ and the default

value is 10. Thirdly, you can select scoring functions to use. At pre-

sent there are two scoring functions: 3dRPC-Score and RPDECK.

The default is 3dRPC-Score. Fourthly, if you have information of

interface residues or nucleotide-amino-acid pair and their distances,

you can input the restraints in the ‘Advanced Settings’. For the inter-

face residues you can set the confidence factor (between 0 and 1) to

the restrained nucleotides or amino acids for the FFT. The choice of

this factor value depends on the reliability of the information of the

interface residues obtained from experiments or predictions. The

factor value can be set to 1 if the information is completely accurate.

Finally, click the button ‘Submit’ to submit the task. The users can

input their email address, and then the server would send an email

automatically to remind the user after finishing the task.

(2) After the submission of the task the user is presented a wait-

ing page. Once the task is finished, the waiting page would refresh

automatically to turn to the results page. The result page contains a

list of predicted structures and their respective scores and links to

download them or view them with the web browser. Clicking ‘view’

can view a predicted 3D structure directly in the web browser.

JSmol is used for 3D structure visualization (Hanson and Lu, 2017).

Clicking ‘download’ can download the PDB-formated file of a pre-

dicted 3D structure. Clicking ‘download all’ would download all the

predicted structures. In the results page there are the information of

the used scoring function and number of predictions. There you can

also download the file of used parameters, which can be directly

used as input file in the offline version of 3dRPC.

3dRNA relies on the methodology of rigid body docking and so its

prediction accuracy of a RNA–protein complex may be lower when

there are larger changes between the unbound and bound conform-

ations of the partners. It mainly applies to the cases where the structures

of both RNA and protein are rather well established and are not

expected to change substantially due to complex formation. However,

RPDOCK program considered the fact that the atom packing of

RNA–protein interface was looser than that of the protein–protein

Fig. 1. The top 32 prediction results of an RNA–protein complex (PDB ID:

1DFU) not using (A) and using (B) the distance restraints between amino acid

and nucleotide (V31Y B73A 7 Å, red) as filter. The native structures of the RNA

and protein partners are in light and dark colors, respectively. The spheres

represent predicted 32 positions of the centers of mass of the RNA molecule

in relative to the protein. In (B) 30 of 32 predictions are near-native structures

(RMSD<10 Å) (Color version of this figure is available at Bioinformatics

online.)
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interface and it can account for small amounts of flexibility between

unbound and bound conformations of the partners of an RNA–

protein complex by not penalizing minor steric clashes in the interface

region (Huang et al., 2013; Katchalski-Katzir et al., 1992).

It is also noted that only heavy atoms are considered during

docking and scoring in 3dRPC because standard structures from

PDB are without hydrogens. The docking program allows existence

of a thick surface of the partners of the complex and some clashes

between them in the complex structures as mentioned above. The

geometric effect of hydrogen atoms can be accounted by them.

Furthermore, there are no special requirements for the input struc-

tures, which are just the standard PDB structure files. If the input

structures contain nucleotides other than A, C, G, U or have missing

amino acids or nucleotides, 3dRPC will neglect them automatically

during calculations.

In summary, we built a web server for predicting 3D RNA–pro-

tein complex structures automatically. The users now can use

3dRPC easily.
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