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Protocol status: Working

We use this protocol and it's working
Created: August 02, 2022

Last Modified: August 23, 2022

Protocol Integer ID: 68045

Keywords: ASO design, mRNA docking, MD simulation, antisense oligonucleotides insilico drug design, protocol for aso design,
molecular dynamic simulation, aso drug, docking, developing novel chemical, aso design, md simulation study, silico design, fda

Abstract

Insilico drug design has been a catalyst in developing novel chemicals, Phyto-actives, nanoparticles, and anti-
sense oligonucleotides. A robust screening setup increases the chances of success of every project. In recent
years, anti-sense oligonucleotides (ASO) have provided a major breakthrough in developing 10 ASO drugs that are
FDA-approved. This prompts us to develop a protocol for ASO design, docking, and MD simulation studies. The
protocol has been divided into 6 sub-sections inclusive of 30 steps. The tools used in the protocol are either
open-source or academic free version. The protocol is developed and validated on GPU workstation using NVIDIA
A100
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1 Retrieve the whole mRNA sequence of target gene from GenBank.

URL: http://www.ncbi.nlm.nih.gov/nucleotide/

a.0pen the home page and search with keyword i.e. the name of the gene.

National Library of Medicine

Nationaf Center for Biotechnology Information

Nucleotide

Species
Animals (107)
Customize

Molecule types
genomic DNA/RNA (£)

+ MRNA (110)
Customize

Source databases

INSDC (GenBank) (74)

RefSeq (36)
Customize

Sequence Type
Nucleotide (110)

Sequence length
Custom range..

Release date
Custom range...

Revision date
Custom range..
Clearal

Show additional filters

|Nucleotide  ~ H}jyman ccrb :i
Create alett  Advanced Help.
Summary + 20 perpage~ Sori by Default order « Sendio +  Filters: Manage Filters
Results by taxon =
i Top Organisms [Tree]
Homo sapiens (77)
GENE Was this helpfuz vl 1§ Mus muscaiis (1)

CCR5 — C-C motif chemokine receptor 5

Homo sapiens (human)
Alzo known as: CC-CKR-5, CCCKRS, CCR-5, CD195, CKR-5, CKRS, CMKBRS, IDDM22

Gene ID: 1234

RefSeq transcripts (3)  RefSeq proteins (3)  RefSegGene (1)  PubMed (1,611)

Orthologs Genome Data Viewer BLAST Download

RefSeq Sequences +

Items: 1 to 20 of 110

Page [T | of6 Mext> | Last>>

© Fitters actvated: mRNA. Clear 2l

3,383 bp linear MRNA
Accession: U54994.1 Gi: 1457945
Protein PubMed Taxonomy

GenBank FASTA Graphics

[J] Homo sapiens C-C motif chemokine receptor 5 (CCRS), iranscript variant C. mRNA

3.355 bp linear MRNA
n: NW_001394783.1  GI: 2032630013
PubMed  Taxonomy

GenBank FASTA Graphics

Rattus norvegicus (8)

Macaca mulatta (5]

Callithrix jacchus (3)

All other taxa (12]
Mare.

Find related data

Database

Search details

{("Homo sapiens”[Organism] OR human[All
Fields]) AND ccr5[AIL Fields]) AND
biomol_mrna[ PROP]

4
| Search See more
Recent activity =

Tum OF Clear

@ human cers AND (biomol_mrna[PROP])
(10) e

@ human cer5 (11045)
B Homo sapiens anillin, actin binding protein

{ANLN), transcript variant 1, mRNA Mucleotide
@ anin AND (biomol_mma[PROP]) (1256)

b.After entering the search statement, select the Limits link to limit the search to a
particular molecule type and database.

c.Selecting mRNA from the Molecule drop-down menu will retrieve only mRNA
sequences.

d.Each of these records is a variant form of the mRNA for the gene.

e.To see how these variants differ from one another one needs to open each record
and read about the variant in the COMMENT section of the record.

f.After examining these records, check for the longest, most complete mRNA
reference sequence for the gene.
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[N[[E)) National Library of Medicine

National Center for Biotechnolegy Information

Nucleotide [Nucieotide || ‘
Advanced Help
GenBank ~ Send to: ~
Change region shown o
Homo sapiens C-C motif chemokine receptor 5 (CCRS5), transcript variant A, o
Customize view hd
mRNA
NCBI Reference Sequence: NM_000579.4 . -
EASTA Graphic Analyze this sequence &
Run BLAST
Sole® Pick Primers
Locus NI_800579 3661 bp  wANA  linear PRI 31-JUL-2022 Highlight Sequenc Features
DEFINITION Homo sapiens C-C motif chemokine receptor 5 (CCRS), transcript
variant A, mRNA. Find in this Sequence
ACCESSION  NM 880579 N 081105536 XM 801125081 XM @@5264854 : ;
VERSTON Wil poosTI.4 Show in Genome Data Viewer
KEYWORDS RefSeq.
SOURCE Homo sapiens (human) 5 "
ORGANTSH. Homo sapd Articles about the CCRS gene *

Eukaryota; Metazoa; Chordatz; Cranista; Vertebrata; Euteleostomi;
Vammalis; Eutheria; Euarchontoglires; Primates; Haplorrhini;
Catarrhini; Hominidae; Homo.
REFERENCE 1 (bases 1 to 3661)
AUTHORS  Momboisse F, Nardi G, Colin P, Hery M, Cordeiro N, Blachier 5,
Schwartz 0, Arenzana-Seisdedos F, Sauvonnet N, Olive-Marin IC,
Lagane 8, Lagache T and Brelot A.

TITLE Tracking receptor motions at the plasma membrane reveals distinct
effects of ligands on CCRS dynamics depending on its dimerization
status

JOURNAL  Elife 11, e76281 (2022)
PUBHED 35866625

REMARK GeneRIF: Tracking receptor motions at the plasma membrane reveals
distinct effects of ligands on CCRS dynamics depending on its
dimerizstion status.

Publication Status: Online-Only
REFERENCE 2 (bases 1 to 3661)

AUTHORS  van Eckeren LE, Matzaraki V, Zhang Z, van de Wijer L, Blaauw MIT,
de Jonge MI, Vandekerckhove L, Trypsteen L, Joosten LAB, Netsa MG,
de Mast Q, Koenen HIPM, Li ¥ and wan der Ven AJAM,

TITLE People with HIV have higher percentages of circulating CCRS+ CDB+ T
cells and lower percentages of CCRS+ regulstory T cells

JOURNAL  Sci Rep 12 (1), 11425 (2022)

PUBHED 35794176

g.Retrieve the mRNA sequence in FASTA format.
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CCR5 activation and endocytosis in circulating
tumor-derived cells isa [Breast Cancer Res. 2022]

Tumor bud-derived CCL5 recruits fibroblasts and
promotes colorects [J Exp Clin Cancer Res. 2022]

CCRS as a Coreceptor for Human
Immunodeficiency Virus an [Front Immunol 2022]

See all

Reference sequence information =
RefSeq alternative splicing

3 reference mRNA
for the CCR5 gene.

uence splice variants

RefSeq protein product
See the referance pro
chemoaki eptor ty)

sequence for C-C

NP_000570.1)

More about the CCR5 gene o
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National Library of Medicine

National Center for Biotechnology Information

Nucleotide [Nucieotice _ ~ || i search |
Advanced Help
FASTA »
Change region shown =
Homo sapiens C-C motif chemokine receptor 5 (CCRS5), transcript variant A, =
ustomize view E.3

mRNA

NCB Reference Sequence: NM_000579.4
GenBank  Graphics

>HM_006579.4 Homo sapiens C-C motif chemokine receptor 5 (CCRS), transcript variant 4,

mRHA

CTTCAGATAGAT TATATCTGGAGTGAAGAATCCTGCCACCTATGTATCTGGCATAGTATTCTGTETAGTG
GOATEAGCAGAGAACAAAAACA AN TARTCCAGTGAGAAAAGCCC GTAAATAAACCTTCAGACCAGAGAT
CTATTCTCTAGCTTATTTTAAGCTCAACT TAAAAAGAAGAACTGT TCTCTEATTCTTTTCGCCTTCAATA
CACTTAATGATT TAACTCCACCCTCCTTCAAAAGAAACAGCATTTCCTACTTTTATACTGTCTATATGAT
TGATTTGCACAGC TCATCTGGCCABAAGAGLT GAGACATCCGTTCCCCTACAAGAAACTCTCCLCGEETG
GAACAAGATGGAT TATCAAGTGTCAAGT CCAATCTATGACATCAATTATTATACATCGGAGCCCTGCCAA
AAAATCAATGTEAAGCAAATCGCABCCCGCCT CCTGCCTCCGCTCTACTCACTGETGTTCATCTTTGETT
TTGTEGGCAACATGCTGGTCATCCTCATCCTEATAAACT GCAMAAGGCTGAAGAGCATGACTGACATCTA
CCTGCTCAACCTGGCCATCTCTGACCTGTTTTTCCTTCTTACTGTCCCCTTCTGEECTCACTATECTGCC
GCCCAGTGGGACTTTGGAAATACAATGTGTCAACTCTTGACAGGECTCTATTTTATAGGCTTCTTCTCTG
GAATCTTCTTCATCATCCTCCTGACAATCGATAGGTACCTGGCTETCGTCCATGCTGTGTTTGCTTTAAA
AGCCAGGACGETCACCTTTGGGGTEGTGACAAGTGTGATCACTTEGETGGTEGCTETGTTTGCATCTCTC
CCAGGAATCATCTTTACCAGATCTCAAAAAGAAGGTCTTCAT TACACCTGCAGCTCTCATTTTCCATACA
GTCAGTATCAAT TCTGGAAGAATTTCCAGACATTAAAGATAGTCATCTTGGEGCTGGTCCTGCCECTGCT
TGTCATGGTCATCTGCTACTCGGGAATCCTARAAACTCTGLT TCEGTGTCGAAATGAGAAGAAGAGGCAC
AGGGCTGTGAGECTTATCTTCACCATCATGATTGTTTATTTTCTCTTCTGEECTCCCTACAACATTGTCC
TTCTCCTGAACACCTTCCAGGAATTCTT TGGECCTGAATAATT GCAGTAGCTCTAACAGGTTGGACCAAGT
TATGCAGGTGACAGAGACTCTTGGEATGACGCACTGCTGCAT CAACCCCATCATCTATGCCTTTETCGEG
GAGAAGTTCAGAAACTACCTCTTAGTCTTCTTCCAARAGCACATTGCCARACGCTTCTGCAAATGCTGTT
CTATTTTCCAGCAAGAGGCTCCCGAGCGAGCAAGCTCAGT TTACACCCGATCCACTGEGGAGCAGGARAT
ATCTETGEGCTTGTGACACGGAC TCAAGTGEECTGGTGACCCAGT CAGAGTTGTGCACATGGCTTAGTTT
TCATACACAGCCTGGGCT GGGGGTEGEETGEEAGAGGTCTTT TTTAAMAGGAAGTTACTGT TATAGAGGGE
TCTAAGATTCATCCATTTATTTGGCATCTGTT TAAAGTAGAT TAGATCTTTTAAGCCCATCAATTATAGA
AAGCCAAATCARAATATGTTGATGAAMAATAGCAACCTTTTTATCTECCETTCACATGCATCAAGTTATT
GACAAACTCTCCCTTCACTCCGAMAGTTCCTTATGTATATTTAAMAGAAAGCCTCAGAGAATTGCTGATT
CTTGAGTTTAGTGATCTGAACAGAAATACCARAATTATTTCAGAAATGTACAACTTTTTACCTAGTACAR
GGCAACATATAGGTTGTAAATGTGT TTAAAACAGGTCTTTGTCTTGCTATGEGEAGAARAGACATGAATA
TGATTAGTAAAGAAATGACACTTTTCATGTGTGATTTCCCCTCCAAGGTATGGT TAATAAGT TTCACTGA
CTTAGAACCAGECGAGAGACTTGTEGEC TGEEAGAGC TGEEGAMGCTTCTTAAATGAGAAGGAATT TGAG
TTGGATCATCTATTGCTGGCARAGACAGAAGCCTCACTGCAAGCACTGCATGGECAAGCTTGGCTGTAGA
AGGAGACAGAGCTGGT TGGGAAGACATGGGGAGGAAGGACAAGGL TAGATCATGAAGAACCT TGACGECA
TTGCTCCGTCTAAGTCATGAGE TGAGCAGGBAGATCCTGGTTGGT GTTGCAGAAGGTTTACTCTETGECC
ARAGGAGGETCAGGAAGGATGAGCATTTAGGECAAGGAGACCACCAACAGCCCTCAGGTCAGGETGAGGA

Analyze this sequence
Run BLAST

Pick Primers
Highlight Sequence Features

Show in Genome Data Viewer

Articles about the CCR5 gene
CCRS activation and endocytosis in circulating

tumor-derived cells isc [Breast Cancer Res. 2022]

Tumer bud-derived CCL5 recruits fibroblasts and
promotes colorect: [J Exp Clin Cancer Res. 2022]

CCR5 as a Coreceptor for Human
Immunodeficiency Virus an [Front Immunol. 2022]

Sesall

Reference sequence information

mative splicing
NA sequence

More about the CCRS5 gene
This gene encodes a member of the beta
chemokine receptor family, which i i

GenBank Reference : Benson, D. A., Karsch-Mizrachi, I., Lipman, D. J., Ostell, J., &
Sayers, E. W. (2010). GenBank.Nucleic acids research,39(suppl_1), D32-D37.

2 Predict the secondary structure of the mRNA with minimum free energy.

a.A commonly used computer algorithm to predict the secondary structure of the mRNA
is the Sfold program (http://sfold.wardsworth.org/index.pl), which is available in the
public domain.

i.The Srna tool on the Sfold web server is used to predict the general features
of RNA folding.

ii.The algorithm used by Srna predicts only the best secondary structure of the
target transcript by a statistical sampling algorithm
iii. The tool allows upto 10,000 bases in its batch mode.
iv.The algorithm performs the folding at a temperature of 37°C and assumes

the ionic conditions to be 1M NaCl with no divalent ions.
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Sfold Reference : Ding, Y., Chan, C. Y., & Lawrence, C. E. (2004). S fold web server for

statistical folding and rational design of nucleic acids.Nucleic acids
research,32(suppl_2), W135-W141.

Softwere for Statistical Folding of Nucleic Acids and Studies of Regulatory RNAs

MANUAL FAQ

CONTACT

82233 sequences folded since April 1. 2003

|Batch {current limit of 10000 bases) |

Email address for batch 10b submission

Please enter a name for vour sequence

Please choose your input format

Please enter the sequence to be folded.

Nore: for all input formats, characters other
than A, T. C. G, U or N n the sequence will be

edited out.

or click on Browse button to upload your
sequence file

Plain Sequence »

Chioose File | No file chosen

Please check if you need to reverse the

sequence and then take its complement for

folding

Please check if you would like cluster
representation of sampled structures new

Maximum distance between paired bases
(optional, leave blank for no limat) wew

Note: if the maximum distance is specified here, this
distance will also be applied to results for other modules at
the output page.

Additional constraimnt information (optional)

HEW

P i 0 kto force basesi,itl,.. . itk-1tobe

single stranded

P i kto prevent consecutive base pairs (5,7)

(i+17-1)...., (i+k-1 j-k+1) to form

Folding temperatre

HE

Tonic conditions

1M NaCl, no divalent ions

b. The RNAfold algorithm can also be used for the prediction of the secondary

structure of the target mRNA.

Submit || Reset

protocols.io | https://dx.doi.org/10.17504/protocols.io.ewovinr4ogr2/vi August 23, 2022

6/25


https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.ewov1nr4ogr2/v1

€3} protocols.io Partof SPRINGERNATURE

i.RNAfold predicts the minimum free energy(MFE) structure of the RNA
sequence by using a dynamic programming algorithm. As an RNA secondary structure
can be uniquely decomposed into loops and external bases the loop-based energy
model treats the free energy F(s) of an RNA secondary structure s as the sum of the
contributing free energies F; of the loops L contained in s. According to the chosen

energy parameter set and a given temperature (defaults to 37 °C) the secondary
structure s that minimizes F(s) is computed.

Note: The RNAfold server does not take into account pseudoknots.

[Home|New job|Help]

The RNAfold web server will predict secondary structures of single stranded RNA or DNA sequences. Current limits are 7,500 nt for partition function calculations and 10,000 nt for minimum free energy
only predicitions

Simply paste or upload your sequence below and click Proceed. To get more information on the meaning of the options click the &) symbols. You can test the server using this sample sequence.

Paste or type your sequence here: [clear]

4
& Show constraint folding
Or upload a file in FASTA format: | Choose File | No file chosen

Fold algorithms and basic options
® minimum free energy (MFE) and partition function )

minimum free energy (MFE) only @)

a] 10 GU pairs at the end of helices )

avoid isolated base pairs &)

© Show advanced options
Output options
interactive RNA secondary structure plot &)
RNA secondary structure plots with reliability annotation (Partition function folding only) &)
Mountain plot ©)

Notification via e-mail upon completion of the job (optional): [your e-mail

RNAfold WebServer Reference : Hofacker, I. L. (2003). Vienna RNA secondary structure
server.Nucleic acids research,31(13), 3429-3431.

3 Identification of preferable mRNA local secondary structures for ASO binding.

a.An effective ASO should be designed at the regions where mRNA is accessible for
hybridization.

b.The accessible sites are identified using the secondary structure of the RNA.
Local structures accessible to ASOs are those usually located at the terminal end,
internal loops, joint sequences, hairpins and bulges of 10 or more consecutive
nucleotides.

c.After confirmation of the accessible conserved local secondary structures and the
corresponding sequences of ASOs (approximately 20 bp), one can settle on some well-
defined activity enhancing motifs and discard those activity decreasing motifs in the
ASOs.
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d.Studies have found a positive correlation between ASO-mediated mRNA
knockdown and the presence of CCAC, TCCC, ACTC, GCCA and CTCT motifs in the
ASOs. Conversely, the presence of GGGG (G-quartets formation), ACTG, AAA and TAA
motifs in ASOs weakened ASO activity. Studies also showed strong ASO effects with a
minimum of 11 G or C residues in 20 bp ASOs, whereas poor inhibition was observed by
ASOs having nine or fewer G or C residues.

e.The tool Soligopresent in the server, Sfold predicts accessible sites on the target
RNA for ASO binding.

i.The user can directly enter the target mRNA sequence in the server or
upload a file containing the sequence in FASTA format.

ii.The batch mode allows the entry of up to 10,000 bases.

iii.The user can specify the desired length of the antisense oligonuceotides
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Sgftware for Statistical Folding of Nucleic Acids and Studies of Regulatory RNAz

HOME LICENSE INFO MANUAL

Job mode

CONTACT

[Eateh {current limit of 10000 bases) ]

Email address for batch job submiszion

Pleaze enter a name for your sequence

Please choose your input format

Please enter the sequence to be folded.
Note: for all input formats, characters other

than A, T, C, G, U or N i the sequence will

be edited out.

or click on Browse button to upload your
sequence file

Plain Sequence

Choose Fite | Mo file chosen

Pleaze check if you need to reverse the
sequence and then take its complement for
folding

Preferred length of antizense oligos

Type of organizsms NEw

| Eukaryotes (no limit on distance between paired bases) w |

Note: if the maximum distance iz set here, this distance will
alzo be applied to results for other modules at the output
page.

Additional constraint information (optional)

HEW

F i 0 ktoforcebases i+l . i+kItobe
amngle stranded

£ | j Etoprevent consecutive base pairs
L LT, (k=1 k= 1) to form

37°C

1M MaCl. no divalent ions

iv.An accessible site can be targeted by a number of antisense
oligonucleotides, selection of the "optimal" one can be based on binding energy,
together with other empirical rules such as GC content, avoidance of GGGG (or more

stringent GGG) motifs, etc.

v.Stronger binding is indicated by smaller binding energy (stacking energies
are negatively valued). To design a potent ASO, the binding energy between the ASO

[ =ubmit
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and mRNA should be -8 kcal/mol.

vi.The antisense oligo binding energy is a weighted sum of the DNA/RNA
stacking energies for the hybrid formed by the antisense oligo and the targeted
sequence. For a base-pair stack, the weight for the sum is calculated by the probability
of the unpaired dinucleotide in the target sequence that is involved in the stack. This
weighting scheme accounts for the structural variation at the target site among the

structures in the sample.
vii.The output has the following filter criteria:

Column
Column
Column
Column

S R VY S B

Column

FILTER CRITERIA: ("<=":

o 40%

< GC % = 60%:;

o Antisense oligo binding energy = -8 kcal/mol.
0 No GGGG in the target sequence.

target position (starting - ending)
target sequence (5p --» 3p)
antisense oligo (5p --» 3p)

GC content
oligo binding energy

A) 40% <= GC % <= 60%;
B) Antisense oligo binding energy <= -8 kcal/mol;
C) No GGGG in the target seguence.

2= 2k
182- 201
183- 282
342- 361
343- 362
344- 363
345- 364
346- 365
347- 366
349- 368
687- 626
6e8- 627
619- 638
620- 639
621- 648
622- b4l
623- 642
624- 643
625- 644
697- 716
698- 717
698- 718
Fid- 738
712~ 731
713~ 732
714- 733
1@32-1851
1833-1852
1@45-1864
1846-1865
1e48-1867
1049-1868
l@51-1e7e

AGUCCGUCACUGGAAGCCGA
AGAAACUGCUGGAGCGAACC
GAAACUGCUGGAGCGAACCC
AUCUUGUACAAAACCAUCGC
UCUUGUACAAAACCAUCGCC
CUUGUACAAAACCAUCGCCA
UUGUACAAAACCAUCGCCAL
UGUACAAAACCAUCGCCAUC
GUACAAAACCAUCGCCAUCA
ACAAAACCAUCGCCAUCALA
AAACUUGCAGAGCAACGGLG
AACUUGCAGAGCAACGGLGL
CAACGGCGLCCGUUGGGAUAR
AACGGCGCCGUUGGGAUAAL
ACGGCGCCGUUGGGAUAAUG
CGGCGLCGUUGRGAUAALGA
GGCGCCEUUGGGAUAAUGAL
GCGCCGUUGGGAUAAUGAUG
CGCCGUUGGGAUAAUGAUGA
GAAMAGGCUGCULCCCCUCT
AAAAGGCUGCUUCCCCUCCC
AAAGGCUGCUUCCCCUCCCA
cccucccagaccucuGCuUY
CCUCCCAGACCUCUGCUUUC
CUCCCAGACCUCUGCUUUCA
UCCCAGACCUCUGCUUUCAA
CUCUGUGAAAGCUACUUCUC
UCUGUGAAAGCUACUUCUCC
ACUUCUCCAGUGAAAUCUALC
CUUCUCCAGUGAAAUCUACY
UCUCCAGUGAAAUCUACUAC
CUCCAGUGAAAUCUACUACA
CCAGUGAAAUCUACUACAUC

(kcal/mol)

less than or equal to)

TCGGCTTCCAGTGACGGALCT
GGTTCGCTCCAGCAGTTTCT
GGGTTCGCTCCAGCAGTTTC
GCGATGGTTTTGTACAAGAT
GGCGATGGTTTTGTACAAGA
TGGCGATGGTTTTGTACAAG
ATGGCGATGGTTTTGTACAA
GATGGCGATGGTTTTGTACA
TGATGGCGATGGTTTTGTAC
TTTGATGGCGATGGTTTTGT
CGCCGTTGCTCTGCAAGTTT
GCGCCGTTGCTCTGCAAGTT
TTATCCCAACGGLGLCGETTG
ATTATCCCAACGGCGCCGTT
CATTATCCCAACGGCGCCGT
TCATTATCCCAACGGCGLCG
ATCATTATCCCAACGGCGLCC
CATCATTATCCCAACGGLGL
TCATCATTATCCCAACGGLG
GGAGGGGAAGCAGCCTTTTC
GGGAGGGGAAGCAGCCTTTT
TGGGAGGGGAAGCAGCCTTT
AAAGCAGAGGTCTGGGAGEG
GAAAGCAGAGGTCTGGRAGG
TGAAAGCAGAGGTCTGEGAG
TTGAAAGCAGAGGTCTGGEA
GAGAAGTAGCTTTCACAGAG
GGAGAAGTAGCTTTCACAGA
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f.The software OligoWalk can be used to calculate the thermodynamic properties
between ASO and target mRNA sequence.

URL : https://rna.urmc.rochester.edu/cgi-bin/server_exe/oligowalk/oligowalk_form.cgi

i.The output of the software gives the probability of a sequence being an
effective ASO in descending order.

Help | Download | Mathews group

0 I.i gowa lk for siRNA design

GOTLEE Oligowalk

= Welcome to OligoWalk

OligoWalk is an online sever calculating thermodynamic features of sense-antisense hybidization. It predicts the free energy
changes of oligonucdleotides binding to a target RNA&. It can be used to design efficient siRNA targeting a given mRNA seguence.

The spurce code of OligoWalk for siRMA design can be downloaded from here.
The efficient siRNA selection method is described in a published paper {link}, More references are listed in the Help page.

The server has been tested on Firefox 2 and Internet Explorer 7.

i Target RNA Sequence

| *#Sequence name example

FPrimary sequence (]

GCUAVUUUGGUGGAAUUGGUAGACACGAUA
CUCUUAAGAUGUAVUACUUUACAGUAUGAA
[ GGUUCAAGUCCUUUAAAUAGCACCA

| paste the sequence here

| &
. or upload the sequence file (file = .
! B 9 ( || Choose File Mo file chosen |
;. format: fasta)
| *Email address | |
Do not use file uploading, please paste your sequence above for
|2] Help J Contact us

& 2007 Mathews group | Maintained by: David Mathews | Page design derived from Styleshout

OligoWalk Reference : Lu, Z. J., & Mathews, D. H. (2008). OligoWalk: an online siRNA
design tool utilizing hybridization thermodynamics.Nucleic acids research,36(suppl_2),
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W104-W108.

4 Constructing pdb structure of Nucleic Acids using Desmond(The Desmond software
used is free for academic use)

a.0pen the Build Panel on the Maestro GUI, select the option Other Edits, under
which select the option, Build Biopolymer from Sequence. In the panel that opens, select
the Biopolymer type as RNA. Specify the Title and enter the Sequence of mRNA or ASO
from 5' to 3".

b.Click on the Build option.

) 3D Builder@cse-SYS-7049GP-TRT X

Add

Fragments
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Build Biopolymer from Sequence...

P

) Build Biopolymer from Sequence@cse-SYS-7049GP-TRT = O X

Biopolymer type: | RNA v Grow 3' to 5'

Title. Specify the title for the new entry.

Sequence. Enter the sequence below, or click the icon to specify an input file.

Shape. Choose a helix conformation. Build double-stranded

Build Cancel 1)

c.A structure is created in the workspace, left click on the structure in the project
table and select the Export option and Structures under it. A tab will open, Specify the
name of the structure and select the option pdb from the Extention dropdown box.
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rna 202
-~ Exclude

Fix in Workspace

Lock (set non-editable)

Split b
Duplicate »
Delete

Add to Shortcut Rows

¥ & ma2l2to231

Set Stars ’
> X RNA

Group...

Move to »

Change Property Value

Copy Properties b
Paste Properties

Group by Entry Property...

Color Rows...

Export » Structures...

USRS
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() Export@cse-SYS-7049GP-TRT b

Look in: | B /home/coecg/Desktop/aso2/aso ~ QOO @i

A
(R

Home Directory

N

Custom Directory

o

Working Directory

Options << Help
PDB options SD options
Write SEQRES, HELIX, SHEET, TURN and SSBOND information Use V3000 format
v Write multiple bonds as duplicate CONECT records Use display names

v Reorder by residue number

v Translate residues to standard types
Use v1 format (Suite 2012) when writing Maestro files
Structure source to be exported: | Project Table (selected entries) v
Properties to be exported: | All v || Select

Files: | Export all entries to the same file = Append

File name: | rna2l2to231 [ Save |
Files of type: | PDB (*.pdb *.pdb* *.ent*) - Cancel

d.The structure can then be downloaded.

Desmond Reference : Kevin J. Bowers, Edmond Chow, Huafeng Xu, Ron O. Dror,
Michael P. Eastwood, Brent A. Gregersen, John L. Klepeis, Istvan Kolossvary, Mark A.
Moraes, Federico D. Sacerdoti, John K. Salmon, Yibing Shan, and David E. Shaw,
"Scalable Algorithms for Molecular Dynamics Simulations on Commodity
Clusters,"Proceedings of the ACM/IEEE Conference on Supercomputing (SC06), Tampa,
Florida, 2006, November 11-17

5 Docking of target mRNA and ASO.
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a.Select the best predicted ASOs based on the steps above for further docking and
simulation.

b.Nucleic acid-Nucleic acid docking can be done using the HNADOCK Server web
interface.

i.Secondary Structure Prediction: By default, the server uses the "RNAfold" to
predict the secondary structure of an RNA sequence for ab-initio three-dimensional
structural modeling if no template is found for the sequence. Users may also choose
other secondary structure prediction method like Fold, MaxExpect, ProbKnot, and IPKnot,
where Fold, MaxExpect, and ProbKnot are taken from the RNAstructure package.

ii.RNA-ASO Interaction Prediction: By default, HNADOCK server builds the
complex structures between two RNAs without prior binding information through ab initio
docking. However, the server also offers users an option to choose a method (RNAup or
RactlIP) for RNA-RNA interaction predictions. The predicted interaction information will be
then used as inter-RNA distance constrains during docking.

Note: A) RNAup calculates the thermodynamics of RNA-ASO interactions, by
decomposing the binding into two stages. (1) First the probability that a potential binding
sites remains unpaired (equivalent to the free energy needed to open the site) is
computed. (2) Then this accessibility is combined with the interaction energy to obtain
the total binding energy. All calculations are done by computing partition functions over
all possible conformations.

B) RactlP is a prediction method for RNA-ASO interaction of general type using integer
programming. RactIP can integrate approximate information on an ensemble of
equilibrium joint structures into the objective function of integer programming using
posterior internal and external base-paring probabilities.

HNADOCK Reference : He J, Wang J, Tao H, Xiao Y, Huang SY. HNADOCK: a nucleic
acid docking server for modeling RNA/DNA-RNA/DNA 3D complex structures. Nucleic
Acids Res. 2019 May 22. pii: gkz412.

RNAup Reference : Miickstein, U., Tafer, H., Bernhart, S. H., Hernandez-Rosales, M.,
Vogel, J., Stadler, P. F., & Hofacker, I. L. (2008, July). Translational control by RNA-RNA
interaction: Improved computation of RNA-RNA binding thermodynamics. Ininternational
Conference on Bioinformatics Research and Development(pp. 114-127). Springer, Berlin,
Heidelberg.

RactIP Reference : Kato, Y., Sato, K., Hamada, M., Watanabe, Y., Asai, K., & Akutsu, T.

(2010). RactlIP: fast and accurate prediction of RNA-RNA interaction using integer
programming.Bioinformatics (Oxford, England),26(18), i460-i466.
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o HNADOCK Server

Nucleic acid (NA) docking for RNA/DNA-RNA/DNA complex structure modeling.

[Huang Lab] [HNADOCK] [Help] [Output example]

First Nucleic Acid Molecule using ONE of the following three options: [help]
+ Upload your pdb file in PDB format: | Choose File | Ne file chosen [example]

OR provide your pdb file in PDB ID:ChainID: l:l (Example: 1KD5:A)

OR copy and paste your RNA sequence below (Sample input):

Second Nucleic Acid Molecule using OME of the following three options: [help]

+ Upload your pdb file in PDB format: | Choose File | No file chosen [example]

OR provide your pdb file in PDB ID:ChainID: ‘ (Example: 1KD5:B)

OR copy and paste your RNA sequence below (Sample input):

Modeling Options:

RNA secondary structure prediction method : [RNAfold  ~ | [help]
RMNA-RNA interaction prediction method : ~ | [help]
Refine the top 10 complex models : [No ~ | [help]

Optional:

Enter your email: ‘ |

Enter yourjobname:| ‘

Option I: P Specify the residues of the binding site.

Submit Clear form

Download the HNADOCK standalone package ™"

iii.Results Page: the result page provides an interactive visualization of the top 10
models using the NGL viewer. Users can choose to view any of the top 10 models or all
together by different colors, representations and styles. The result page also gives a
summary of the rankings and docking scores for the top 10 complex models, where the
score is based the scoring function for RNA-RNA interactions DITScoreRR.

DITScoreRR Reference : Yan, Y., Wen, Z., Zhang, D., & Huang, S. Y. (2018).
Determination of an effective scoring function for RNA-RNA interactions with a physics-
based double-iterative method.Nucleic acids research,46(9), e56.
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[Huang Leb] [HNADOCK] [Help] [Outputexample]

Your HNADOCK results for job example

Download Files
[ Receptor PDE fila Ligand PDB file J

[17 [21 [3] [41 5] [6] [7] [8] [O1 [10] [11] [12] [43] [14] [15] [16] [17] [18] [19] [20]
Top 10 Predictions Top 100 Predictions All the results in a package

MODEL Mo,
Todel 1
Model 2
Model 3
Model 4
Model 5
Model 6
Model 7
Thodel &
Todel 9

Tiodel 10

Style

Color

Action

Summary of the top 10 models
Rank 1 2 3 4 5 6 7 8 9 10
Docking Score | -500.12 | -384.80  -350.96  -360.71 -152.17 | -342.71 -335.42 -334.81 -324.97 -317.08
Ligand rmsd (A) 0.54 .20 1453 | 6.88 5.08 473 16.81 5.10 8.70 7.05

(a) Row 1: The ranks of the models.
(b} Row 2: The docking energy scores.
(c) Row 3: The ligand RMSDs from the input structure.

& Lab of Biophysics and Molecular Modeling, huanglab®@hust.edu.cn

iv.The resulting docked structures can be downloaded in pdb format.

6 Molecular Dynamic Simulation of the Docked Structure of RNA-ASO
Note: The following steps have to be performed using the Desmond software that is free
for academic use, The Maestro GUI was used for visualization for this example.

a.Create a new project in the Maestro GUI workspace.

b.Import the docked structure of RNA-ASO into the workspace

c.Select the Protein Preparation Wizard tool to preprocess the structure and also
minimize the preprocessed structure.
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() Protein Preparation Wizard@cse-SYS-7049GP-TRT

Job prefix: |prepwizard Host: | localhost (64) ~ |

Display hydrogens: | None | Polar only ‘® All ligand, polar receptor

Import and Process | Review and Modify ~ Refine

Import structure into Workspace

PDB:
Include; | Diffraction data = Biological unit

Import structure file: | Browse...

Preprocess the Workspace structure

Align to: (%) | O |
v Assign bond orders v Use CCD database
v Add hydrogens || Remove original hydrogens
V| Create zero-order bonds to metals
V| Create disulfide bonds
_ | Convert selenomethionines to methionines
Fill in missing side chains using Prime
Fill in missing loops using Prime

Cap termini

Delete waters beyond |5.00 : A from het groups
V| Generate het states using Epik: pH: 7.0 | +/- 2.8

Preprocess

All

|View Problems... | Protein Reports... Ramachandran Plot... |
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() Protein Preparation Wizard@cse-SYS-7049GP-TRT = O X

Job prefix: |prepwizard Host: |localhost (64) ~
Display hydrogens: | 'None '_Polar only '@ All ligand. polar receptor | All
Import and Process = Review and Modify = Refine

H-bond assignment

v Sample water orientations
Use crystal symmetry
Minimize hydrogens of altered species
® Use PROPKA pH: 7.0 Label pKas
Use simplified rules pH:
Optimize
Interactive Optimizer...

Remove waters

v/ Beyond hets 3.0
Remove waters |

ik

A

with fewer than | 3 H-bonds to non-waters

Restrained minimization

Converge heavy atoms to RMSD: 0.38 | A
Hydrogens only

Force field: | OPLS_2005 ~
Minimize

View Problems... | Protein Reports... Ramachandran Plot...

Reset

(7

d.Build the system using the tool, System Builder. In the Solvation tab, select the
predefined Solvent Model, SPC and define the boundary conditions: Box
Shape>>O0rthorhombic; Box Size Calculation Method>>Buffer; Distances>>a)10A°,
b)10A° c)10A°. Select the Force Field, OPLS_2005. Under the ions tab, select the option
Neutralize by adding ions, add the salt ions and select the option Minimize Volume.
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) System Builder@cse-SYS-7049GP-TRT — [l X

Solvation lons

Set Up Membrane...
Solvent model

MNone
® Predefined: SPC -

Custom:

Boundary conditions

Box shape: | Orthorhombic -
Box size calculation method: (@ Buffer | Absolute size
Distances (A): a: [10.0 |b: 10.8 | c: 10.8

Angles (°): a: |40 B: il
Box volume: A: | Minimize Volume
Show boundary box

Use custom charges

Force field: |OPLS_2005 ~

Job name: |desmond_setup 1 %- | Run

Host=Ilocalhost, Incorporate=Append new entries as a new group L7)
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(@ System Builder@cse-SYS-7049GP-TRT = [ x
Solvation | fons

Excluded region

Exclude ion and salt placement within A of
Select... Clear

lon placement

None
® Neutralize by adding 58 Na+ * | ions | Recalculate
Add ions

Advanced ion placement...
V| Add salt

Salt concentration: |0.15 M
Salt positive ion: |Na+ ~
Salt negative ion: [ Cl- ~

Force field: | OPLS_2005 ~

Job name:  desmond setup 1 0~ Run

Host=localhost, Incorporate=Append new entries as a new group LT

e.0pen the Molecular Dynamics tool and load the minimized system obtained from
the previous step from the workspace; Define the Simulation time. Select the Ensemble
Class as NVT and change the temperature to 310.0K. Let the default values remain for
the other parameters.
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(¥ Moalecular Dynamics@cse-SYS-7049GP-TRT — l *

Model system

Load from Workspace -~ Load
rma_202to241 aso 212to231 - minimized contains 44559 atoms.

Simulation
Simulation time (ns): Total: |500 Elapsed: 0.0
Recording interval (ps): Trajectory: |500.0 Energy: ‘1.2| ‘
Approximate number of frames: 1000

Ensemble class: NVT v

Temperature (K): 310.0 | Pressure (bar):

v Relax model system before simulation
Relaxation protocol: Browse...

Advanced Options...
Analysis

Run interactions analysis when simulation job completes

Desmond

Developed by D. E. Shaw Research

Job name: |desmond md job 1 £~ Run
Host=localhost:1, Incorporate=Append new entries as a new group (7)

f.Once the job is completed, load the trajectory and visualize the results.
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Ligand Interactic Protein Preparatiog

rmatel3-

rmal(613

¥ MD: rna2 613toé

W MD: rna2 613t«
rmal6l3-648)aso(b..
1 W MD: RNA 2to31 ASOD..

Tl
m Load Trajectory

Display Trajectory Snapshots...
¥ & rma(2to31)aso(2to21)..
> X RNA

Remove Trajectory Data

g.Energies of the system can be found out by using the Plot tool located on the
lower right corner. Select the option, Energy Calculations. An Energy Plot is generated
that can be downloaded for further analysis.

Energy Calculations

protocols.io | https://dx.doi.org/10.17504/protocols.io.ewovinr4ogr2/vi August 23, 2022 24/25



https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.ewov1nr4ogr2/v1

€3} protocols.io Partof SPRINGERNATURE

Desmond Reference : Kevin J. Bowers, Edmond Chow, Huafeng Xu, Ron O. Dror, Michael
P. Eastwood, Brent A. Gregersen, John L. Klepeis, Istvan Kolossvary, Mark A. Moraes,
Federico D. Sacerdoti, John K. Salmon, Yibing Shan, and David E. Shaw, "Scalable
Algorithms for Molecular Dynamics Simulations on Commodity Clusters,"Proceedings of
the ACM/IEEE Conference on Supercomputing (SC06), Tampa, Florida, 2006, November
1-17
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