Bioinformatics Protocols:
Antisense Peptide with Molecular Modelling
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1: Background, aims and method
overview

Background:

Computer based prediction of protein-protein interactions is a valuable /n silico tool
(Capone et al., 2008; McGuire & Holmes 2005; Siemion ef al,, 2004; Stambuk et al.,
2018; Stambuk et a/, 2021) in a biological setting. Antisense peptide (or
Complementary Peptides) sequences are derived from the complementary strand of
DNA encoding a given protein (Bost & Blalock 1989a & 1989b), read in the same open
reading frame (ORF). Due to the presence of exons and introns within the genomic
DNA sequence the mRNA sequences are ideal for generating antisense peptides. They
can also be derived directly from the amino acid sequence of a protein, via reverse
translation to produce a complementary DNA sequence. However, due to the
degeneracy of the genetic code, there is typically more than one antisense sequence
for any one protein (Bost & Blalock 1989a & 1989b). The basis of antisense peptides
based on the observations of Blalock & Smith (1984) is illustrated below:
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The Molecular Recognition Theory is based on a series of observations that protein
sequences derived from the Sense Strand of DNA bind to protein sequences derived
from the corresponding Antisense Strand of the DNA (Biro 2007; Blalock & Bost 1988;
Blalock & Smith 1984; Hardison & Blalock 2012; Heal et a/, 2002; Root-Bernstein &
Holsworth 1998; Stambuk et a/., 2005; Stambuk et a/., 2021).

The complementary DNA strand for each individual amino acid can be read in either
the forward 3'-5'or reverse 5'-3' direction, adding further degeneracy to the potential
antisense peptide sequences (Bost & Blalock 1989a & 1989b; Milton 2006). The
antisense peptides have been shown to bind with high affinity to the given target
protein due to hydropathic interactions (Illingworth et a/., 2012; Pullen et al., 2013),
which is basically an interaction between water loving and water hating amino acids
(Kyte & Doolittle 1982).

This protocol details the generation of antisense peptide sequences against a selected
target (Bost & Blalock 1989b) and then using them to identify possible protein-protein
interactions (Miller 2015). The method uses a python script to generate the antisense
peptides against the selected target based on the methods of Milton (2006) and then
BLAST searches to identify sequences with similarity to the antisense sequences that
may interact with the target protein. This is followed by /n silico modelling of protein-
protein interactions between the target and identified protein from the BLAST search
(Pierce et al., 2011 & 2014).

Binding of proteins to their antisense proteins has been demonstrated in a number of
studies and the antisense peptides have also been shown to have sequence similarity
to receptor binding sites plus compounds that specifically bind the sense peptides
(Blalock & Bost 1986; Bost et a/., 1985; Clarke & Blalock 1990; Fassina et al.,, 1989;
Milton et al, 2001; Mulchahey et al, 1986; Stambuk et a/, 2019). The antisense
peptides themselves have been used as binding peptides to modify the actions of the
target protein (Bost et al, 1985; Stambuk et a/, 2021). Antibodies raised against
antisense peptide sequences have also been used to identify binding proteins in vitro
or in vivo, for example LHRH as shown by Mulchahey et a/., (1986).

From a Bioinformatic point of view the DNA sequences of the Sense Strands that
encode proteins are contained in many databases including the NCBI Nucleotide
Database (https://www.ncbi.nlm.nih.gov/nucleotide/). As such it is possible to
download the DNA sequence and use this as a source material. The amino acid
sequences of the proteins from many species are likewise contained in many databases
such as NCBI Protein Database (https://www.ncbi.nlm.nih.gov/protein/). If the
sequences for proteins encoded by the Antisense strand of DNA for a given target
protein are derived, they can be used to search protein databases for similar proteins
using sequence comparison tools (https://blast.ncbi.nlm.nih.gov/Blast.cgi).

The nature of the identified interactions from this process is two-dimensional and does
not fully take into account the three-dimensional structure (3D) of each protein. The
final stage of this protocol is to use 3D modelling to predict the structure of complexes
between the target protein and binding protein identified due to sequence similarity
with the antisense peptide derived from the target protein mRNA. The original ZDock
method (Chen & Weng 2002) used for this has been updated and is well described by
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Pierce et al, (2011 & 2014). The method uses an algorithm to predict the protein-
protein interactions with input of data from the identified interactions. The combination
of the antisense methods with 3D modelling strengthens the /in silico observations. Key
confirmation of the validity of identified interactions is to determine that the /in silico
findings can be replicated /n vitro and/or in vivo, for example catalase binding to
amyloid-B (Milton et a/., 2001) and the role of this interaction in preventing the toxicity
of amyloid-B combined with demonstration in samples from an Alzheimer’s patient
(Chilumuri et al., 2013a & b).

Aims:
(i) Generation of Antisense peptide sequences for a chosen target protein.
(i)  Identification of potential protein binding partners for the chosen target protein.

(iii)  Identification of the regions of each interacting protein pair that are directly
involved in the binding.

(iv) 3D modelling of identified interactions
Method Overview:

The method uses either a PC or Mac (both Intel and Apple Silicon powered) based
computers and can be run on Windows 10/11 or Mac OS. The protocols have been
written using Microsoft Office 365 software with Microsoft Word and Microsoft Excel
the main programs employed. The Python program for antisense peptide generation
is compatible with Python 3 and has been tested on versions 3.7 upwards. Antisense
peptide generation can also be carried out using Microsoft Word if online Python or
Python installation is not possible.

(i) Generation of antisense peptides (Milton 2006) that are model binding proteins
for the chosen target.

(i)  Searching of protein databases using a BLAST search for proteins that are
similar to the antisense sequences and therefore may also be binding proteins
for the chosen target.

(iii)  Extraction of data from the BLAST search and exclusion of results that are
incompatible with the protein binding, for example sequences with Gaps that
are identified in by the BLAST searching techniques, but which are would not
indicate a potential binding interaction (Pullen et a/., 2013).

(iv)  Scoring of the binding interactions based on the Molecular Recognition Theory
(Hardison & Blalock 2012) to identify the most relevant protein-protein
interactions from the BLAST search.

(v) 3D molecular modelling of the potential protein-protein interactions (Pierce et
al, 2011 & 2014) using the potentially interacting residues identified in BLAST
searches as a basis for the contacting residues in the model.
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2: Target protein mRNA search

(2a) Stage one is to find the mRNA coding sequence for the protein of interest. Best
to use a normal browser such as Microsoft Edge, Safari, Google Chrome or
Firefox for these searches. The mRNA sequences can be found on the
https://www.ncbi.nlm.nih.gov databases — click on the nucleotide link (circled
in red).

ece B National Center for Biotechno! X =+ v

&« C 0 & ncbi.nim.nih.gov h * » 0O & :
3 Favourites

B An official website of the United States government He

NIH National Library of Medicine Login
National Center for Biotechnology Information
All Databases m
NCBI Home Welcome to NCBI Popular Resources
Resource List (A-Z) The National Center for science and health by providing access to biomedical ~ PubMed
All Resources and genomic information. Bookshelf
Chemicals & Bioassays About the NCBI | Mission | Organization | NCBI News & Blog PubMed Central
Data & Software BLAST
DNA & RNA Submit Download Learn

Which will go to where the name of protein of interest can be entered (as an
example the Homo sapiens amyloid precursor protein has been used:

r

o ® B Home - Nucleotide - NCBI X + v
&« C (0 @& ncbinim.nih.gov/nucleotide/ h ¥ 0O & :
E5 Favourites

BE  An official website of the United States government Here's how you know v

NIH National Library of Medicine Log in
National Center for Biotechnology Information
Nucleotide | Nucleotide | Homo sapiens amyloid precursor protein|
Advanced Help

This will then go to a list of nucleotide sequences that match the search term.

By selecting Animals, mRNA and Nucleotide on the Left-hand side (marked in

blue with a tick after selection — the sequence list can be limited to those of

most use. Selecting RefSeq limits the search further to those sequences that

have been reviewed by the NCBI and is therefore recommended. The main

features of the RefSeq collection include:

e non-redundancy

« explicitly linked nucleotide and protein sequences

« updates to reflect current knowledge of sequence data and biology

« data validation and format consistency

« distinct accession series (all accessions include an underscore '_' character)

e ongoing curation by NCBI staff and collaborators, with reviewed records
indicated
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® © ® P Homosapiens amyloid precur: X 4 v

&« C (0 @& ncbinim.nih.gov/nuccore h % » 0O &
B3 Favourites

BE  An official website of the United States government Here's how you know v

National Library of Medicine

National Center for Biotechnology Information

Nucleotide Nucleotide || Homo sapiens amyloid precursor protein
Create alert  Advanced Help
Species clear Summary ~ 20 per page ~ Sort by Default order ~ Send to: ~  Filter your results:
v Animals (666)
human (654) All (666)
Customize ... Items: 1 to 20 of 666 Manage Filters
Molecule types clear Page \_f of34 Next> Last>>
¥ mRNA (666) © Fitters activated: Animals, mRNA, RefSeq, Nucleotide. Clear all Results by taxon -]
Customize ...
[J Homo i id beta protein (APP), transcript variant 10, mRNA Top Organisms [Tree]
Source databases clear 1. 3,304 bp linear mRNA Homo sapiens (654)

Necator americanus (9)

INSDC: (GenBank) (0) Accession: NM_001204303.2 GI: 1676441520 Pan troglodytes (3)

¥ RefSeq (566) PubMed Taxonomy
Customize ...

GenBank FASTA Graphics
Sequence Type clear Find related data .

v Nucleotide (666; ( i i i i i et
(666) 2:] Homo saPlens amyloid beta precursor protein (APP), transcript variant 3, mRNA Database: [Select <
Sequence length - 3,358 bp linear mRNA = —————
Custom range... Accession: NM_201414.3 GI: 1676319912
PubMed  Taxonomy
Reloase date GenBank FASTA Graphics
Custom range...
— Search details oo
Revision date [J Homo sapiens amyloid beta precursor protein (APP), transcript variant 2, mRNA :
3. i |(("Homo sapiens"[Organism] OR Homo
Custom range... 3,526 bp linear mRNA isapiens[}\ll Fields]) AND amyloid[All
Accession: NM_201413.3 Gl: 1675178653 Ipiaiaet AND BrdcarscsTALL FiaTdsi

The choice of sequence is dependent on several features. If the literature
suggests a particular transcript is of interest, then that is the recommended
sequence to choose. It is also important to check the names carefully, in the
example below the search term “"Homo sapiens amyloid precursor protein™ will
also identify related proteins such as the “amyloid precursor like proteins”:

o~ e B) Homo sapiens amyloid precurs X 4 v

< CcC O @& ncbi.nlm.nih.gov/nuccore d % » 0O

B3 Favourites

[J Homo sapiens amyloid beta precursor protein (APP), transcript variant 4, mRNA
11. 3,572 bp linear mMRNA

Accession: NM_001136016.3 GlI: 324021746

PubMed  Taxonomy

GenBank FASTA Graphics

[J Homo sapiens amyloid beta precursor like protein 1 (APLP1), transcript variant 2, mRNA
12. 2,367 bp linear MRNA

Accession: NM_005166.5 GI: 1890341900

Protein PubMed  Taxonomy

GenBank FASTA Graphics

[J) Homo sapiens amyloid beta precursor like protein 2 (APLP2), transcript variant 1, mRNA
13. 3,733 bp linear MRNA

Accession: NM_001642.3 Gl: 1677484618

PubMed  Taxonomy

GenBank FASTA Graphics

The transcript of interest should be selected, generally select the longest
transcript and run that through the antisense peptide generation first. Clicking
on the link will go to:

Bioinformatics Protocols (© 7 NeuroDelta Ltd) 6



&« c

B3 Favourites

Nucleotide

GenBank ~

Homo sapiens amyloid beta precursor protein (APP), transcript variant 1, mMRNA

BE  An official website of the United States government Here's how you know v

B Homo sapiens amyloid beta pr X +

O & ncbi.nim.nih.gov/nuccore/NM_000484.4

National Library of Medicine

National Center for Biotechnology Information

Nucleotide >

Advanced

NCBI Reference Sequence: NM_000484.4
FASTA  Graphics

Go to: (v)

Locus
DEFINITION

ACCESSION
VERSION
KEYWORDS
SOURCE
ORGANISM

The next step is to scroll down this page until the CDS link (circled in red)

NM_000484 3583 bp mRNA linear PRI 03-JUL-2022
Homo sapiens amyloid beta precursor protein (APP), transcript
variant 1, mRNA.

NM_000484

NM_000484.4

RefSeq; MANE Select.

Homo sapiens (human)

Homo sapiens

Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;
Mammalia; Eutheria; Euarchontoglires; Primates; Haplorrhini;
catarrhini; Hominidae; Homo.

reached:

< &

B9 Favourites

exon

B Homo sapiens amyloid betapr X <

© & ncbi.nim.nih.gov/nuccore/NM_000484.4

/db_xref="MIM:104760"

1..207

/gene="APP"

/gene_synonym="AAA; ABETA; ABPP; ADl; alpha-sAPP; APPI;
CTFgamma; CVAP; PN-II; PN2; preAd”
/inference="alignment:Splign:2.1.0"

151..2463

/gene="APP"

/gene_synonym="AAA; ABETA; ABPP; ADl; alpha-sAPP; APPI;
CTFgamma; CVAP; PN-II; PN2; preAd”

/note="isoform a precursor is encoded by transcript
variant 1; peptidase nexin-II; cerebral vascular amyloid
peptide; protease nexin-II; amyloid beta A4 protein;
beta-amyloid peptide; alzheimer disease amyloid protein;
beta-amyloid peptide(1-40); beta-amyloid peptide(1-42);
amyloid precursor protein; beta-amyloid precursor protein;
testicular tissue protein Li 2; amyloid beta (A4)
precursor protein; alzheimer disease amyloid A4 protein
homolog™

/codon_start=1

/product="amyloid-beta precursor protein isoform a

/protein_id="NP_000475.1%

/db_xref="GeneID: 151"

/db_xref="HGNC:HGNC; 620"

/db_xref="MIM:104760"
/translation="MLPGLALLLLAAWTARALEVPTDGNAGLLAEPQIAMFCGRLNMH

SGTKTCIDTKEGILQYCQEVYPELQITN IQPVTION RGR
KQCKTHPHFVIPYRCLVGEF LLVPDKCKF] ETHL E
KSTNLHDYGMLLPCGIDKFRGVEFVCC] DYA

TSIATTT
TTTT 'GPCRAMISRWYFDVTEGKCAPFF DTE

Change region shown

Customize view

Analyze this sequence
Run BLAST

Pick Primers
Highlight Sequence Features
Find in this Sequence

Show in Genome Data Viewer

Articles about the APP gene
OpenCell: Endogenous tagging for the

b » 0 &

is

(2b) Clicking the protein id link (circled in blue, = NP_000475.1 in this example) will

go to the coded protein and this number (normally starting NP_) can also be
used in the BLAST check detailed in Section 4a (pages 15-16). Click on the CDS
link (circled in red) will go to the following:
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o ® B Homo sapiens amyloid beta pr - X + v
<« C (0 & ncbinlm.nih.gov/nuccore/NM_000484.4 h % 0 &2

B3 Favourites

/note="hexamer: AATAAA"
polyA site 3583
/gene="APP"
/gene_synonym="AAA; ABETA; ABPP; ADl; alpha-sAPP; APPI;
CTFgamma; CVAP; PN-II; PN2; preAd”
/note="major polyA site"

ORIGIN
1 gegtgcgey
61 99
121 g jatgctgceccg gtttggcact gctcctgetg)

961
1021
1081 151..2463
/gene="APP"

1141
1201
1261
1321

/gene_synonym="AAA; ABETA; ABPP; ADl; alpha-sAPP; APPI;
CTFgamma; CVAP; PN-II; PN2; preAd"

/note="isoform a precursor is encoded by transcript
variant 1; peptidase nexin-II; cerebral vascular amyloid

1381
1441 peptide; protease nexin-II; amyloid beta A4 protein;
1501 beta-amyloid peptide; alzheimer disease amyloid protein;

beta-amyloid peptide(1-40); beta-amyloid peptide(1-42);
amyloid i b yloid protein;
testicular tissue protein Li 2; amyloid beta (Ad)
precursor protein; alzheimer disease amyloid A4 protein
homolog"

/codon_start=1

1561
1621
1681
1741
1801

ig:i /product="amyloid-beta precursor protein isoform a
e precursor”

8 /protein_id=" NP_000475.1 "
2041 =

/db_xref="CCDS: CCDS13576.1 "

2101 g gttg gacgg a aagtgaag] /db_xref="GeneID: 351
2161 /db_xref="HGNC: HGNC:620 "
PYPIW« ttocagaag atgtgggttc aamacaaaggt gcaatcattg gactcatggt gggeggtgt /db_xref="MIM: 104760 "
2281 /translation="MLPGLALLLL LAEPQL
2341 g IDTKEGIL VYPELQ 10!
PYTWaagatgcagc agaacggcta cgaaaatcca acctacaagt tctttgagca gatgcagaac o
2461 t KSTNLHDYGMLI
2521 g IATTT
2581 tcgecttttg acagetgtge . x APFF
2641 atcagtaatg tattctatct ctctttacat tttggtctct atactacatt attaatgggt LKTTQEPLARDPVKLP
2701 tttgtgtact gtaaagaatt tagctgtatc tagt KAKERL Q
2761 t tat Q0! '
2821 aagtcctact ttacatatgc t gct L I I L
2881 £ taaag TSEDR Lo
2941 t attttactgt IKTEET RHDSGYE
3001 acagattget gettctgeta t tt 11 TATVIVI:
3061 tcttcgtgee Y QMQ!
3121 g t aag tt
cps <] Feature 10f1 NM_000484 : 1 segment | Detais @ | Disp,ay Help X
&
The part in Brown is the part required to generate antisense peptides. The
FASTA tab (circled in red) will go to:
.
- .
® ® B Homo sapiens amyloid beta pr X + v
&« C (@ @& ncbinim.nih.gov/nuccore/NM_000484.4?from=151&to=2463&report=fasta h % » 0O & ¢

B3 Favourites

BE  An official website of the United States government Here's how you know v

National Library of Medicine

National Center for Biotechnology Information

Nucleotide [ scarch |

Advanced Help

FASTA ~ Send to: =
o Change region shown A

O Whole sequence

Homo sapiens amyloid beta precursor protein (APP), transcript variant 1, mRNA g5 .
NCBI Reference Sequence: NM_000484.4 from: (151 to: 2463

>NM_000484.4:151-2463 Homo sapiens amyloid beta precursor protein (APP), transcript
variant 1, mRNA

- Customize view >
GTAATGCTGGCCTGCTGGCTGAACCC TGCCATGTTCTGT TGAACATGCAC GT
CCAGA Al ARACCTGC CAAGGAAGGCATCCTG
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(2c) The text starting at ATG and finishing at either TAA, TAG (in this example -
https://www.ncbi.nIm.nih.gov/nuccore/NM 000484.4?from=151&t0=24638&re

port=fasta) or TGA should be copied to a word file and save as mRNA. This is
the sequence that will be used by the AntisensePeptide.py program to generate

the antisense sequences after removal of the returns.

The returns at the end of each line are removed as follows. First in word select
the view symbols tab (circled in red below):

AutoSave @ (N B 9D v D 2 APP mRNA — Saved to my Mac
EndNote 20 ) Tell me & Share  [J Comments

Home Insert Draw Design Layout References Mailings Review  View
0 Colbri(Bo.. v(12 v A" A | Aav| A | EEviSvioe | EE m AsBbceDdEe | Assbceodte  AaBLCCDC , | \D/ /:"
Piste o B I Uva x, X AvZv A~ S === =v| &OvH~ Normal No Spacing Heading 1 Styles  Dictate  Edétor
2 o e B (T Pane
= B Q

Autosave @ () B D v

Home Insert Draw  Design  Layout References Mailings  Review View EndNote20 ) Tell me & Share 03 comments
0 Colibri(Bo.. v 12 v A" A" Aav A IEviZv == 2 AsBLCcDdEe | AaBbCeDdEe  AaBDCCDC , | @J é-
= == =, Siv Noemal No Spacing Heading 1 Styles Dictate Editor
= === L Pane

Pamﬁ, B I Uva x X Avﬂv-v

ATGCTGCCCGGTTTGGCACTGCTCCTGCTGGCCGCCTGGACGGC TCGGGCGCTGGAGGTACCCACTGATD
GTAATGCTGGCCTGCTGGCTGAACCCCAGATTGCCATGTTCTGTGGCAGACTGAACATGCACATGAATG
COAGAATARRAAGTRGEATTOAGATCOATCAGGRACCARAACCTRCATTGATACCAAGGAAGGCATCOTR

In the file go to the EDIT tab, then Find and select Replace:

& Word File Edit View Insert Format Tools Table Window Help

) APP mRNA — Saved to my Mac

LUCEET  Undo Paste

i Mailings Review View EndNote 20 Q Tell me 2 Share CJ Comments

vil == | 2 | AaBbCcDdEe | AaBbCcDdEe  AaBbCCDC , | A \QJ ﬁ'

Editor

Home Insert [

[:l v Calib

Oy & Normal No Spacing Heading 1 Styles Dictate
= Pane

Paste
[ 7 8 9 1€ 11 13 4 15 16 17 18

Paste Special...
Db £ N 1 UL £ UUU S U £ UUALUUL £ U U £ DU A i £ U U

GAACCCCAGATTGCCATGTTCTGTGGCAGACTGAACATGCACATGAATGT
CAGATCCATCAGGGACCAAAACCTGCATTGATACCAAGGAAGGCATCCTG

Clear 2

Select Al CCCTGAACTGCAGATCACCAATGTGGTAGAAGCCAACCAACCAGTGACCA
Bocosmascarcmeana e T CCCCACTTTGTGAT TCCCTACCGCTGS

Find 24 Find.. AAGTGCAAATTCTTACACCAGGAGAGG
Find Next A\AGAGACATGCAGTGAGAAGAGTACCA'

Find Previous 3TTCCGAGGGGTAGAGTTTGTGTGTTG'
Start Word Dictation 5AGGAGGATGACTCGGATGTCTGGTGG"
S [AGTAGAAGTAGCAGAGGAGGAAGAAG
[GAGGATGGTGATGAGGTAGAGGAAGA

S Advanced Find and Replace...
Toggle Drawing e e et T L GCCACCACCACCACCACCACCACAS

For Mac this shows as follows, when the arrow in the Find box is clicked
(circled in red), then select Paragraph Mark (circled in blue) and leave the

Replace blank:
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& Word File

AutoSave @ oFF

Edit View

Insert

B 2-Co -

Format

Tools Table Window

) APP mRNA — Saved to my Mac

Help

Home Insert Draw Design
C'Dv Calibri (Bo... v 12
Paste B I Uvab x,
o
£ Bla
¥ FIND AND REPLACE
ﬂ a
Paragraph Mark Find =
ab Character m
Any Character
eplace

Any Diait

Layout References Mailings Review
v A A Aav A vz
¥ Av2v A B===

2

1

View

EndNote 20 Q Tell me

AaBbCcDdEe

2 Share  [J Comments
AaBbceddEe  AaBbCCDC , | \Qj ﬁ'
Normal No Spacing Heading 1 Styles Dictate Editor
=] Pane
11 12 13 14 15 16 17 18

ATGCTGCCCGGTTTGGCACTGCTCCTGCTGGCCGCCTGGACGGCTCGGGCGCTGGAGGTACCCACTGATG
GTAATGCTGGCCTGCTGGCTGAACCCCAGATTGCCATGTTCTGTGGCAGACTGAACATGCACATGAATGT

On a PC in Word running in Windows the trick is to select replace (crtl H — also
circled in red) and then the More button (circled in blue):

Windows 11
@ Autosove @) [Hl  APP mRNA- Saved to \\MaciHome v ) Search ntmiton @) D & - 1
Filer Home Inset Draw Design Layout References Mailings Review View O Comments '
Courier New 0 « o) 2
O B I U a4 A R T 2 @ /

X i eplace

Paste =i d 2 - ’ 0L Editing | Dictste  Edito

v = Av 2« A~ Ry A A figd what i
Undo = Clipbosrd 1% Font | ) voice Editor

Replace with:

Select ¥
Edting

Cancel

Then with the More window open click on the Special tab (circled in red) and
then select the Paragraph Mark will then be displayed at the top (circled in blue):

File  Home Insert

Paste

Undo = Clipboard 15

Draw Design

Layout References Mailings Review
. | Find and Replace
v @ X Find  Reglace
4 ~ A Figd whot
For
Replace with
<< Less

Search Opticns
Search, Al
Match case
Find whole wo
Lise wildcards
Sounds e (Er

Find all word #
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Cancel

Match prefiy

Magch suffix

Ignore punctisation characters

Ignore white-space characters
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This will then show as P (circled in red) in the find box and blank in the replace
box and the Replace All (circled in blue) should then be clicked to remove all
the “q"” symbols at the end of each line:

AutoSave @OFF () DyC @ - ) APP mRNA — Saved to my Mac

Home Insert Draw  Design Layout References Mailings Review  View EndNote20 Q Tell me 2 Share  [J Comments

vicvi| = = | 2] | AaBbCcDdEe | AaBbCcDAEe  AaBbCcDe @ \Q/ @

L, & calbriBo. v 12 v AN AT Aav A
Uy

Paste o B I Uva x X Av 2v Av = = =v S il Normal | No Spacing Heading 1 Styles Dictate Editor

< 2 - = = : Pane
» 2 1 1 s 11 12 13 1 1 16 17 18
= B|Q

¥ FIND AND REPLACE ATGCTGCCCGGTTTGGCACTGCTCCTGCTGGCCGCCTGGACGGCTCGGGCGCTGGAGGTACCCACTGATG
GTAATGCTGGCCTGCTGGCTGAACCCCAGATTGCCATGTTCTGTGGCAGACTGAACATGCACATGAATGT
n Tl CCAGAATGGGAAGTGGGATTCAGATCCATCAGGGACCAAAACCTGCATTGATACCAAGGAAGGCATCCTG
£+ Find CAGTATTGCCAAGAAGTCTACCCTGAACTGCAGATCACCAATGTGGTAGAAGCCAACCAACCAGTGACCA

TCCAGAACTGGTGCAAGCGGGGCCGCAAGCAGTGCAAGACCCATCCCCACTTTGTGATTCCCTACCGCTG

v CTTAGTTGGTGAGTTTGTAAGTGATGCCCTTCTCGTTCCTGACAAGTGCAAATTCTTACACCAGGAGAGG
ATGGATGTTTGCGAAACTCATCTTCACTGGCACACCGTCGCCAAAGAGACATGCAGTGAGAAGAGTACCA

Replace ., ACTTGCATGACTACGGCATGTTGCTGCCCTGCGGAATTGACAAGT TCCGAGGGGTAGAGTTTGTGTGTTG
CCCACTGGCTGAAGAAAGTGACAATGTGGATTCTGCTGATGCGGAGGAGGATGACTCGGATGTCTGGTGG
GGCGGAGCAGACACAGACTATGCAGATGGGAGTGAAGACAAAGTAGTAGAAGTAGCAGAGGAGGAAGAAG
ATGCTGCCCGGTTTGGCACTGCTCC TGGCTGAGGTGGAAGAAGAAGAAGCCGATGATGACGAGGACGATGAGGATGGTGATGAGGTAGAGGAAGA
TGCTGGCCGCCTGGACGGCTCGGG GGCTGAGGAACCCTACGAAGAAGCCACAGAGAGAACCACCAGCATTGCCACCACCACCACCACCACCACA

MATCHES: Result 35 of 35

A single “q” symbol at the end of the sequence after the TAA, TAG or TGA (in
effect the whole sequence as a single word) will remain and the TAA, TAG or
TGA (circled in red) triplet can be deleted as these stop codons are not needed:

AutoSave @ oFF (1) 2:C @ - 2 APP mRNA

Home Insert Draw  Design  Layout References Mailings Review  View EndNote 20 Q Tell me 2 Share  [J Comments

=il =i ) | AaBbCcDdEe 1 AaBbCeDdEe  AaBbCcDC , [ \Q/ ﬁ'

vl g Normal | NoSpacing Heading 1 Styles  Dictate  Editor
- Pane

fl‘DVEA Calibri (Bo.. v 12 v A" A" Aav A

B
Pste o B I Uva x, X AvPovAv

. D Q 3 2 1 1 2 4 3 7 ] ] [ 11 12 13 14 1 16 17 18
B = B

v FIND AND REPLACE ATGCTGCCCGGTTTGGCACTGCTCCTGCTGGCCGCCTGGACGGCTCGGGCGCTGGAGGTACCCACTGATGGTAAT
GCTGGCCTGCTGGCTGAACCCCAGATTGCCATGTTCTGTGGCAGACTGAACATGCACATGAATGTCCAGAATGGG
“ | | AAGTGGGATTCAGATCCATCAGGGACCAAAACCTGCATTGATACCAAGGAAGGCATCCTGCAGTATTGCCAAGAA
i g GTCTACCCTGAACTGCAGATCACCAATGTGGTAGAAGCCAACCAACCAGTGACCATCCAGAACTGGTGCAAGCGG
GGCCGCAAGCAGTGCAAGACCCATCCCCACTTTGTGATTCCCTACCGCTGCTTAGT TGGTGAGTTTGTAAGTGAT
GCCCTTCTCGTTCCTGACAAGTGCARATTCTTACACCAGGAGAGGATGGATGTTTGCGAAACTCATCTTCACTGG
CACACCGTCGCCAAAGAGACATGCAGTGAGAAGAGTACCAACTTGCATGACTACGGCATGTTGCTGCCCTGCGGA
Replace All  Replace ATTGACAAGTTCCGAGGGGTAGAGTTTGTGTGTTGCCCACTGGCTGAAGAAAGTGACAATGTGGATTCTGCTGAT
GCGGAGGAGGATGACTCGGATGTCTGGTGGGGCGGAGCAGACACAGACTATGCAGATGGGAGTGAAGACAAAGTA
MATCHES: 1 result I GTAGAAGTAGCAGAGGAGGAAGAAGTGGCTGAGGTGGAAGAAGAAGAAGCCGATGATGACGAGGACGATGAGGAT
GGTGATGAGGTAGAGGAAGAGGCTGAGGAACCCTACGAAGAAGCCACAGAGAGAACCACCAGCATTGCCACCACC
ACCACCACCACCACAGAGTCTGTGGAAGAGGTGGTTCGAGAGGTGTGCTCTGAACAAGCCGAGACGGGGCCGTGC
CGAGCAATGATCTCCCGCTGGTACTTTGATGTGACTGAAGGGAAGTGTGCCCCATTCTTTTACGGCGGATGTGGE
GGCAACCGGAACAACTTTGACACAGAAGAGTACTGCATGGCCGTGTGTGGCAGCGCCATGTCCCARAGTTTACTC
AAGACTACCCAGGAACCTCTTGCCCGAGATCCTGTTAAACTTCCTACAACAGCAGCCAGTACCCCTGATGCCGTT
GACAAGTATCTCGAGACACCTGGGGATGAGAATGAACATGCCCATTTCCAGAAAGCCAAAGAGAGGCTTGAGGCC
AAGCACCGAGAGAGAATGTCCCAGGTCATGAGAGAATGGGAAGAGGCAGAACGTCAAGCAAAGAACTTGCCTAAR
GCTGATAAGAAGGCAGTTATCCAGCATTTCCAGGAGAAAGTGGAATCTTTGGAACAGGAAGCAGCCAACGAGAGA
CAGCAGCTGGTGGAGACACACATGGCCAGAGTGGAAGCCATGCTCAATGACCGCCGCCGCCTGGCCCTGGAGAAC
TACATCACCGCTCTGCAGGCTGTTCCTCCTCGGCCTCGTCACGTGTTCAATATGCTAAAGAAGTATGTCCGCGCA
GAACAGAAGGACAGACAGCACACCCTAAAGCATTTCGAGCATGTGCGCATGGTGGATCCCAAGAAAGCCGCTCAG
ATCCGGTCCCAGGTTATGACACACCTCCGTGTGATTTATGAGCGCATGAATCAGTCTCTCTCCCTGCTCTACAAC
o GTGCCTGCAGTGGCCGAGGAGATTCAGGATGAAGTTGATGAGCTGCTTCAGAAAGAGCARAACTATTCAGATGAC
GTCTTGGCCAACATGATTAGTGAACCAAGGATCAGTTACGGAAACGATGCTCTCATGCCATCTTTGACCGARACG
AAAACCACCGTGGAGCTCCTTCCCGTGAATGGAGAGTTCAGCCTGGACGATCTCCAGCCGTGGCATTCTTTTGGG
GCTGACTCTGTGCCAGCCAACACAGAAAACGAAGTTGAGCCTGTTGATGCCCGCCCTGCTGCCGACCGAGGACTG
ACCACTCGACCAGGTTCTGGGTTGACAAATATCAAGACGGAGGAGATCTCTGAAGTGAAGATGGATGCAGAATTC
= CGACATGACTCAGGATATGAAGTTCATCATCAAAAATTGGTGTTCTTTGCAGAAGATGTGGGTTCAAACAAAGGT
GCAATCATTGGACTCATGGTGGGCGGTGTTGTCATAGCGACAGTGATCGTCATCACCTTGGTGATGCTGAAGAAG
AAACAGTACACATCCATTCATCATGGTGTGGTGGAGGTTGACGCCGCTGTCACCCCAGASMMMMMGC CACCTGTCC
AAGATGCAGCAGAACGGCTACGAAAATCCAACCTACMGTTCTTTGAGCAGATGCAG

(2d) Then save file and use this version of the mRNA sequence for Antisense peptide
generation as described in either Section 3 below using the online Python 3
compiler (pages 12-14 below), using the downloaded Python 3 program (see
Section 14 pages 80-83 and Section 15 pages 84-87) or manually as detailed in
Section 16 (pages 88-92).

Bioinformatics Protocols (© 7 NeuroDelta Ltd) 11
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3: Antisense peptide generation
using online Python

(3a) An online Python compiler (https://trinket.io/python3) can be used to generate
antisense peptide sequences using the Antisense-Peptide.py file. This can be
run in most browsers on a Mac, PC, Chromebook, iPad etc and has been tested
using both Safari and Google Chrome.

(3b) The text of the Antisense-Peptide.py (available from as a either Python script
https://www.neurodelta.uk/resources/BioinformaticsProtocolScript.py or as a
Word file from https://www.neurodelta.uk/Protocols/) can be copied and pasted
into the compiler:

Dtrinket

= (Dtrinket @ Python3 pRuin v «&Share v

< > mainpy + &
1 ##Orignal code by Jonathan C Goulding, Adapted to Py3 and Modified by Harrison R S Milton, based on Milton, N.G.N. (2006) Anti-sens
2  g=input("Input name: ")
3  s=input("Input coding mRNA: ")
4 i=s.replace(' ', "').replace('@', '').replace('l', '').replace('2', '').replace('3"', '').replace('4', '').replace('S', '').replace(
5
6~ def breakdown(data):
7 array=[]
8 for i in range(@,len(data),3):
9~ if (i+3>len(data)):
10 upper = len(data)
11~ else:
12 upper =i+3
13 seg=data[i:upper]
14 ~ try:
15 array.append(amino_acids[seq])
16 ~ except KeyError :
17 array.append( 'unknown')
18 return array

(3c) The Antisense-Peptide.py Python Script can also be downloaded and saved to
an appropriate location on a computer hard drive and then uploaded using the
compiler upload function (circled in red) followed by selection of the Antisense-
Peptide.py file:

= trinket ® Python3 pRuin v &Share ¥

< > mainpy @ trinket
1

= v B [ Desktop ¢ ] Q
32 Dropbox

5 Website v Date Modified

© Recents B AntisensePeptide.py Today at 21:44 4KB Python scri
A Applications

(=) Desktop

[ Documents

@® Downloads

E5 OneDrive
< iCloud Drive

® Purple

Yellow

® Red Cancel Choose for Upload

Bioinformatics Protocols (© 7 NeuroDelta Ltd) 12
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(3d) The compiler can then be run using the run function (circled in red) which will
bring up the “Input Name:” command (circled in blue), the name or abbreviation
of the target protein without spaces should be typed here followed by a return:

Dtrinket

Dtrinket @ pythons v <share v
main.py + & pemered by SNtrinket
Input name:
##0rignal code by Jonathan C Goulding, Adapted to Py3 and Modified by Harrison R S Milton, based on Milton, N.G.N. (2006) Anti-sens
g=input("Input name: ")

>
1
2
3 s=input("Input coding mRNA: ")
4
s
6
7
8

i=s.replace(' ', '').replace('@', '').replace('l', '').replace('2', '').replace('3", '').replace('4', '').replace('5', '').replace(

- def breakdown(data):
array=[]
for i in range(@,len(data),3):
9- if (i+3>len(data)):

10 upper = len(data)

11~ else:

12 upper =i+3

13 seq=data[i:upper]

14 - try:

15 array.append(amino_acids[seq])
16 - except KeyError :

17 array.append('unknown')

18 return array

19

20 - def flip(x):

21 return x[::-1]

23 amino_acids = {'aaa':'K',"'aac':'N','aag':'K","aat":'N",'aca':'T", 'acc’:'T","acg":'T", 'act':'T", "aga": 'R", 'agc':'S"',"'agg": 'R", 'agt "
24  output=breakdown(i)

25 combined=""

26 - for acid in output:

27 combined =combined+acid
28 print ("")

29 print("SNC -",g,"=",combined)
30 d=flip(combined)

31 print (")

This will bring up the “Input coding mRNA:” command, the mRNA sequence for
the target protein prepared in section 2d (page 10 above), in this example the
sequence TCAGCTGATGCACAATCGTTTTTAAACGGGTTTGCGGTG is used:

%Plans ™ Learn @Help
4+ & | Powered by “JPtrinket

Input name:
Input coding mRNA:

SNC - nspll = SADAQSFLNGFAV
SCN - nspll = VAFGNLFSQADAS
AS35NC - nspll = SRLRVSKNLPKRH
AS35CN - nspll = HRKPLNKSVRLRS
AS53NC - nspll = XSICLRKXVPKRH
AS53CN - nspll = HRKPVXKRLCISX

In a very rare number of cases the a, t, c or g residues in the mRNA sequence
could be replaced by an “n”. This will cause an UNKNOWN to show in the peptide
sequences which should be replaced by an X.

Where there is an * at the start (SCN, AS35CN and AS53CN) or end (SNC,
AS35NC, AS53NC) of a sequence this is where the STOP codon was in the mRNA

Bioinformatics Protocols (© 7 NeuroDelta Ltd) 13



(3e)

nnnnn

and can be deleted form the sequences used to run BLAST searches. If there is
an * or an UNKNOWN in the middle of a sequence this indicates a problem with
the mRNA used as these should only be at the end of coding sequences.
Suggests a need to repeat section 2a-2d (see pages 5-10 above) to get the
correct CDS mRNA component, particularly check section 2c and 2d (see pages
8-10 above) to create an mRNA sequence that is a single word has been
completed properly.

Copy the text from Input name down to the end of the AS53CN sequence and
paste into a word document:

Input name: nspll
Input coding mRNA: TCAGCTGATGCACAATCGTTTTTAAACGGGTTTGCGGTG

SNC - nsp11 = SADAQSFLNGFAV

SCN - nsp11l = VAFGNLFSQADAS

AS35NC - nsp11 = SRLRVSKNLPKRH

AS35CN - nsp11 = HRKPLNKSVRLRS

AS53NC - nsp11 = XSICLRKXVPKRH

AS53CN - nsp11 = HRKPVXKRLCISX

Save the Python outputs word file with a suitable name. These are the

sequences that will be used for BLAST searches in section 4 (see pages 14-16
below) and section 5 (pages 17-19 below):

Bioinformatics Protocols (© 7 NeuroDelta Ltd) 14
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4: Confirmation of correct target
mRNA

(4a) The SNC sequence from the running AntisensePeptide.py on Python is the sense
sequence of the protein obtained from the mRNA sequence, to check that the
correct mMRNA sequence has been used in AntisensePeptide.py a BLAST search
using the https://blast.ncbi.nlm.nih.gov/Blast.cgi website can be run in the

browser allowing a search for sequence identities with the SNC sequence. Select
Protein Blast (circled in red):

< C (@ blast.ncbi.nim.nih.gov/Blast.cgi * E;'! (]
m) U.S. National Library of Medicine NCBI National Center for Biotechnology Information
® :
BLAST Home Recent Results Saved Strategie
COVID-19is an emerging, rapidly evolving situation.
o Get the latest publi i el
Getthe from

Basic Local Alignment Search Tool

Search Betacoronavirus Database

BLAST finds regions of similarity between biological sequences. The program We have created a new BLAST database focused on the SARS-CoV-2 (Severe acute
compares nucleotl.de. or protgln s to sequence and : piratory synd irus2) For further detail please visit
calculates the statistical significance. Learn more
W ncBiGenBank.
s
Mon, 03 Feb 2020 10:00:00 EST B More BiASTrEws
Web BLAST

From within the Protein BLAST paste the SNC sequence into the Enter Query
Sequence. There are a number of options to select from. If the protein id for
the sequence for the mRNA used to generate the antisense peptides is available
(see section 2a, page 6) the Align two or more sequences checkbox can be
selected and the protein id number pasted into the second box. For the purposes
of the example used in the AntisensePeptide.py program above the sequence
needed to BLAST is SNC — nsp11 = SADAQSFLNGFAV. The protein sequence id
for nspl1is YP_009725312.1 (circled in red) from the search of the NCBI protein
database (https://www.ncbi.nlm.nih.gov/protein):

% NCBI  Resources @ How To &

Protein [Protein  ~||  Search |

Advanced

COVID-19 is an emerging, rapidly evolving situation.
L) Get the latest public health from CDC: 7 gov.
Get the latest research from NIH: https://www.nih.gov/coronavirus.

GenPept « Send to: v
Change region shown

nsp11 [Severe acute respiratory syndrome coronavirus 2]
NCBI Reference Sequencd Analyze this sequence
< Run BLAST

ldnnbinal Drntnine  CAQTA
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In the blastp search box enter the sequence, make sure the Align two or more
sequences checkbox is ticked, paste the SNC sequence in the first box and enter

the Protein id in the second box:

® © ® o protein BLAST: Aligntwoorm X & nspli [Severe acute respirator X | +

&« C @& blast.ncbi.nim.nih i ins&PR AST_PROX PAGE_TYPE \&BLAST_SPEC=blast2seq&DATABA... ¥ P. (]

e

COVID-19 is an emerging, rapidly evolving situation.
from CDC:

o Get

Get the latest

Align Sequences Protein BLAST

blastn | blastp | blastx | tblastn | tblastx

BLASTP programs search protein subjects using a protein query. more...
Enter Query Sequence
Enter gi(s), or FASTA 9 Clear Query subrange &
' SADAQSFLNGFAV  E—
Fom[ | BLAST results will be displayed
) To ] in a new format by default - { ew |
You can always switch back to the |
Or, upload file Choose file | No file chosen @ liadiional Resuits page.
Job Title |
Enter a descriptive title for your BLAST search &
Align two or more sequences
Enter Subject Sequence
Enter gi(s), or FASTA L) Clear 9
YP_009725312.1 From /—‘
To|
4
Or upioad e Choose file | No file chosen ™)
Program Selection
Algorithm @ blastp (protein-protein BLAST)
Choose a BLAST algorithm &
Search protein using Blastp (protein-protein BLAST)
@ [ Show results in a new window Screenshot
Clicking on the BLAST button (circled in red) will bring up the following:
.
BLAST " » blastp suite-2sequences » results for RID-CWZDGOCC11N Home RecentResults Saved Strategies Help

Save Search Search Summary v © How to read this report? @8 BLAST Help Videos *OBack to Traditional Results Page

I Q Your search parameters were adjusted to search for a short input sequence.

Job Title Protein Sequence Filter Results
RID CWZDGOCC1IN  Search expires on 05-28 22:48pm  Download All v Percent Identity Evatie Query Coverage
Program Blast 2 sequences  Citation v

to to to
Query ID Icl|Query_44365 (amino acid)

Query Length 13

Subject ID YP_009725312.1 (amino acid)

Subject Descr nspll [Severe acute respiratory syndrome coronavirus 2]
Subject Length 13

Other reports Multiple alignment MSAviewer @

Graphic Summary ‘ Alignments 'DotPlot

Sequences producing significant alignments Download ¥ Manage Columns ~ Show (2]
selectall 1sequences selected GenPept  Graphics
Lt Max Total Query E Per. :
Descpton Score Score Cover value Ident Acoessbn
nsp11 [Severe acute yndrome 2] 422 422 100% 4e-14 100.00% YP_009725312.1

Bioinformatics Protocols (© 7 NeuroDelta Ltd)
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(4b) Selecting the Alignments tab (circled in red) shows the comparison of the amino
acids, in this case confirming the SNC and the original protein are identical and
therefore that the correct mRNA was used in the Antisensepeptide.py program
the key number is the Positives, which should be 100% (circled in blue):

Descriptions Graphic Summary Dot Plot

Alignment view | Pairwise v | © [Restore defaults]

1sequences selected @

X Download v  GenPept Graphics

nspll [Severe acute respiratory syndrome coronavirus 2]
Sequence ID: YP_009725312.1 Length: 13 Number of Matches: 1

Range 1: 1 to 13 GenPept Graphics

Score Expect Identities Positives Gaps
42.2 bits(92) 4e-14 13/13(100%) 13/13(100%) 0/13(0%)
Query 1  SADAQSFLNGFAV 13

SADAQSFLNGFAV

Sbjct 1  SADAQSFLNGFAV 13
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5: Antisense peptide BLAST searches

(5a) The outputs form the AntisensePeptide.py program include the sense protein in
normal N-terminus to C-terminus orientation (SNC) and also the sense protein
in the reverse C-terminus to N-terminus orientation. The protein databases are
always N-terminus to C-terminus orientation; however, proteins may interact
with the binding site having one protein in the N-terminus to C-terminus
orientation and the other in the C-terminus to N-terminus orientation. Hence
the need to search the C-terminus to N-terminus orientation antisense peptides.

The antisense sequences generated are:

AS35NC = Antisense peptide (3'-5" mRNA reading) N-terminus to C-terminus
orientation

AS35CN = Antisense peptide (3’-5" mRNA reading) C-terminus to N-terminus
orientation

AS53NC = Antisense peptide (5-3" mRNA reading) N-terminus to C-terminus
orientation

AS53CN = Antisense peptide (5-3" mRNA reading) C-terminus to N-terminus
orientation

(5b) Separate BLAST searches should be carried out for each antisense sequence
(AS35NC, AS35CN, AS53NC & AS53CN) using the
https://blast.ncbi.nlm.nih.gov/Blast.cgi website to run a Protein BLAST:

® © ® o BLAsT:BasicLocal Alignment X 4

< C @& blast.ncbi.nim.nih.gov/Blast.cgi ¢ @’u (1]

m U.S. National Library of Medicine NCBI National Center for Biotechnology Information

BLAST * Home  RecentResults  Saved Strategie

COVID-19 is an emerging, rapidly evolving situation.
1) Getthe i i ion from COC: jirus.gov
Getthe from i

Basic Local Alignment Search Tool

Search Betacoronavirus Database
BLAST finds regions of similarity between biological sequences. The program
compares nucleotide or protein seq es to sequence datab and
calculates the statistical significance. Learn more

We have created a new BLAST database focused on the SARS-CoV-2 (Severe acute
respiratory syndrome coronavirus 2) Sequences. For further detail please visit

NCBI GenBank.

wEmz

Mon, 03 Feb 2020 10:00:00 EST

[E More BLAST news...

Web BLAST
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Under the header “Enter accession number, gi or FASTA sequence” paste in
the antisense peptide sequence to be screened. Also enter the protein name
into the Job title box.

Under the “Choose Search Set”, "Database” select RefSeq Select proteins
(refseq_select), under the “Organism” type in homo sapiens and select
“Homo sapiens (taxid:9606)"”, also select the tick boxes for Exclude “Models
(XM/XP)”, “Non-redundant RefSeq proteins (WP)” and
“Uncultured/environmental sample sequences” plus select Algorithm “blastp
(protein-protein BLAST)” — see red * marks below:

@ Chrome File Edit View History Bookmarks People Tab Window Help

L Protein BLAST: search protein X+

« C @ blast.ncbi.nim.nih.gov,

Standard Protein BLAST

blastn | Dlestp | blastx | thlastn | fblastx

BLASTP programs search protein databases using a proteln query. mere, Reset page ) (Bookmark )
Enter Query Sequence
% Enter accession number(s), gi(s), or FASTA sequence(s) 4 Clese  Quory subrange 4
Lxriaxcs: st
VORER. _ TYSETETTTTARILG From BLAST results will be displayed
ETLALTKETTVLTNLI TTGNLSHXRS XOXXSPLICCSGXRLVNVIPP I XLETLRPHFLTORNVENK
5t reoLe To in a new format by default

You can always switch back to the
Or, upload file Traditional Results page.
o UP Choose file | No file chosen

% Job Title ot3a(G251V)

Align two or more sequences &

Choose Search Set
% Database

+ | RefSeq Select proteins (refseq_select) v |9
% Organism
Optional Homo sapiens (taxid:9606) oxcludo *
% Exclude & Models (XM/xP) £ Non-redundant RefSeq proteins (WP) & L sample seq)
Optional

Program Selection
% Aigorithm ® blastp (protein-protein BLAST)
PSI-BLAST (Position-Specific terated BLAST)
PHLBLAST (Pattor Hit Initisted BLAST)
DELTA-BLAST (Domain Enhanced Lookup Timo Acceloratod BLAST)
ch 2 BLAST aigortn &

" BLAST Search database refseq_protein using Blastp (protein-protein BLAST)
e 2 Show results in a new window

m Note: Parameter values that differ from the default are highlighted in yellow and marked with + sign m

Next click on “Algorithm parameters” (circled in red) which will go to:

=) Algorithm paramsters Note: Parameter vakies that differ from the detault are highlighted in yeliow and marked with + sign

General Parametors

- |

Short queries. @ Automatically adust parameters for short input sequences. 4
K Expectthreshold 2000
Word size s Be

Max matches ina o
query range

Scoring Parameters

Matrix nwosome: [

Gap Costs Existence: 11 Extension 1 |5 4

Compositional Constisnsl compasitional score mavix sdusiment [ 4
adjustments.

Filters and Masking
Filter Low complaxity regions 4

Mask Mask for lookup table only 4
Mask lowor case lotiers 4

Search database nr using Blastp (protein-protein BLAST)
Show resusts in s new window
L4

Change “"Max target sequences” to 5,000 from the dropdown and “Expect
threshold” to 20,000 — leave all other settings as the defaults (the Short
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queries box “Automatically adjust parameters for short input sequences” is
checked). The default Matrix under Scoring Parameters is BLOSUM62 (for
information about this and other options have a look at Pearson 2013). Then
click on BLAST (circled in red) and wait for results to appear.

Note that any sequence with 30 or less amino acids will be automatically
searched with adjusted parameters. The short sequence parameters
automatically changed for short sequences like this will be the Expected
threshold (which will be increased to 200,000), the Word size (which will
reduce to 2), the Matrix (which will change to PAM30) and the Compositional
adjustments (which will be set to no adjustment).

(5¢) After clicking BLAST the screen will initially show:

Job Title: orf3a(G251V)

Request ID CXW1XC8J016

Status Searching

Submitted at Wed May 27 18:57:01 2020
Current time Wed May 27 18:57:22 2020
Time since submission 00:00:20

This page will be automatically updated in 12 seconds

If the sequence searched comprises 30 or less amino acids the following
warning will then show:

Job Title: Protein Sequence

) Your search parameters were adjusted to search for a short input sequence.

Request ID GYCJ84F0016

Status Searching

Submitted at Wed Jul 15 12:43:52 2020
Current time Wed Jul 15 12:44:14 2020
Time since submission 00:00:21

This page will be automatically updated in 12 seconds

After the search has finished the screen will show the following. Click on
Download All dropdown and select Text. Save txt file to an appropriate folder
(this file will be used in sections 6 (pages 20-30) and 7 (pages 31-39). A
screenshot or save as pdfs file should be created after selecting each of the
Descriptions, Graphic Summary and Alignment tabs. Saving as pdf’s preserves
the links that can be used in data analysis more easily later, for an example and
other files that can be downloaded see section 6 (pages 20-30):

BLAST * » blastp suite » results for RID-CXW1XC8J016 Home RecentResults Saved Strategies Help
< Edit Search Save Search Search Summary v © How to read this report? 3 BLAST Help Videos *DBack to Traditional Results Page

| 0 Your search is limited to records that include: Homo sapiens (taxid:9606) ; and exclude: models (XM/XP), uncultured/environmental sample sequences, non-redundant
RefSeq proteins (WP)

Job Title orf3a(G251V) Filter Results

RID CXWIXC8J016  Search expires on 05-29 06:57 am

Program BLASTP@ Citation v = !ism only top 20 will appear | exclude
|

Database fafdea protsin’ Seedatalls v 2 common name, binomial, taxid or group name
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(6a)

(6b)

6: BLAST data extraction

Data should be extracted from each of the BLAST searches carried out, giving
a total of four sets of data for each target protein (corresponding to the BLAST
searches for AS35NC, AS35CN, AS53NC and AS53CN.

Since the AS35NC and AS53NC peptides will theoretically bind to the SNC
peptide this suggests that anything similar to the AS35NC or AS53NC peptides
would bind to the SNC peptide. In the BLAST search Alignments, the Query
corresponds to the protein searched (AS35NC or AS53NC peptide) and the Sbijct
corresponds to the named protein that is similar. The Query residue numbers
are identical to the SNC numbers so for example if the query humbers were 4-
9 and the Sbijct residues were 321-326 this would suggest that Sbjct protein
321-326 theoretically binds residues 4-9 of the SNC protein.

The situation with the AS35CN and AS53CN peptides is similar in that they will
theoretically bind to the SCN peptide and this suggests that anything similar to
the AS35CN or AS53CN peptides would bind to the SCN peptide. The SCN
peptide corresponds to the SNC peptide in reverse. If the SNC was a 14 amino
acid peptide the N-C direction numbering would be 1-14, therefore the C-N
numbering would be 14-1. Blast searches always number sequences 1-14,
which means the results for AS35CN and AS53CN peptides searched using
BLAST will always be numbered in the wrong direction and the numbers will
need to be converted.

The easiest way to do this is to create a table with the numbers from start to
finish of the sequence in a column in ascending order, in this case 1-14, and a
second column with the numbers in descending order — starting from the total
number of amino acids of the SNC protein, in this case 14-1:

BLAST Query numbering NC numbering
AS35CN/AS53CN
1% residue 1 14
2 13
3 12

Yy

[y
o@m\lmm
Hmwaxfwoono-

Last residue 14

Bioinformatics Protocols (© 7 NeuroDelta Ltd) 21



In the BLAST search Alignments, the Query corresponds to the protein searched
and the Sbjct corresponds to the named protein that is similar. If an alignment
were found where the Query region on the BLAST search results from an
AS35CN and AS53CN peptide was 4-9 (circled in red) using the table above the
NC numbering would be 11-6 (circled in blue). The 11-6 region is therefore the
6-11 region of the SNC, which is the protein originally used to generate the
antisense peptides.

(6¢c) For the purposes of illustrating how to analyse the data the Amyloid-B 1-40
peptide (AB) will be used as an example:
Coding mRNA GATGCAGAATTCCGACATGACTCAGGATATGAAGTTCATCAT
for AB CAAAAATTGGTGTTCTTTGCAGAAGATGTGGGTTCAAACAAA

GGTGCAATCATTGGACTCATGGTGGGCGGTGTTGTC

SNC-AB DAEFRHDSGYEVHHQKLVFFAEDVGSNKGAIIGLMVGGVV
SCN-AB VVGGVMLGIIAGKNSGVDEAFFVLKQHHVEYGSDHRFEAD
AS35NC-AB LRLKAVLSPILQVVVFNHKKRLLHPSLFPRXXPEYHPPQQ
AS35CN-AB QQPPHYEPXXRPFLSPHLLRKKHNFVVVQLIPSLVAKLRL
AS53NC-AB ICFESMVXSIFNMMLFQHEKCFIHTXVFTCDNSEHHATND
AS53CN-AB DNTAHHESNDCTFVXTHIFCKEHQF LMMNFISXVMSEFCI

(6d) Running a BLAST search, as described in section 5 above (pages 17-19) for the
AS53CN-AB peptide gave the set of results:

(i) Descriptions:

Job Title AS53CN-Abeta

RID
Program BLASTP@ Citation v
Database refseq_protein  See details v
Query ID lcl|Query_11240
Description None
Molecule type amino acid
Query Length 40

Multiple alignment

Other reports Distance tree of results

m s

Alignments

Filter Results

G70W30DT016 Search expires on 07-0804:03am Download All v

Organism only top 20 will appear

|| exclude

|

=+ Add organism

Percent Identity E value

Query Coverage

to

| [

MSA viewer @

Taxonomy

|

to

Sequences producing significant alignments

selectall 3sequences selected

3'-5' RNA helicase YTHDC2 isoform 3 [Homo sapiens] ]

3-5' RNA helicase YTHDC? isoform 2 [Homo sapiens]

3'-5' RNA helicase YTHDC?2 isoform 1 [Homo sapiens]
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D, Yaad v Col

GenPept  Graphics

Distance tre

¥ Show [ 20000 Vv ] (2]

e of results Multiple alignment

Max Total Query
Score Score Cover

204 204 65%
204 204 65%
204 204 65%

E Per.
Accession

value Ident

114 34.62% NP_001332905.1
14 34.62% NP_001332904.1
114 3462% NP_073739.3
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(i)  Graphic Summary:

Job Title AS53CN-Abeta Filter Results
RID G70W30DT016 Search expires on 07-0804:03am Download All v
ly top 20 will exclude
Program BLASTPQ Citation v organlsm only top 20 will appear D
Typ: mon name, binomial, taxid or group 1€
Database refseq_protein  See details v ‘ i Mo name, bnomidl, tadicorg |
Query ID Icl|Query_11240 + Add organism
Description None Percent Identity E value Query Coverage
M t amino acid
olecule type ‘ % ‘ ’ % ‘ ’ % I
Query Length 40
Otherreports  Distancetree of results Multiple alignment MSAviewer @ m
Descriptions Graphic Summary Alignments Taxonomy
Qhover to see the title K click to show alignments % Show Conserved Domains Alignment Scores  [l]<40 [40-50 [1]50-80 [W80-200 [W>=200 @
3sequences selected @ No putative conserved domains have been d d
Distribution of the top 3 Blast Hits on 3 subject sequences
) | P —— | 1
1 8 16 24 32 40
(iii)  Alignments:
Descriptions Graphic Summary Alignments Taxonomy
lig view | Pairwise v | © [Restore defaults] Download
3sequences selected @
& Download v GenPept Graphics ¥ Next <«Descriptions

3'-5' RNA helicase YTHDC2 isoform 3 [Homo sapiens]

Sequence ID: NP_001332905.1

Range 1: 398 to 423 GenPept Graphics

Score

20.4 bits(41)

Expect Method
114
Query 9 NDCTFVXTHIFCKEHQFLMMNFISXV

++ +

Sbjct 398 NDVVFVIDSGKVKEKSFDALNFVTML

& Download v GenPept Graphics

Composition-based stats.

Length: 1130 Number of Matches: 1

3'-5' RNA helicase YTHDC2 isoform 2 [Homo sapiens]
Sequence ID: NP_001332904.1 Length: 1268 Number of Matches: 1

Range 1: 536 to 561 GenPept Graphics

Score Expect Method
20.4 bits(41) 114  Composition-based stats.
Query 9

NDCTFVXTHIFCKEHQFLMMNFISXV
D FV KE F NF++ +
Sbjct 536 NDVVFVIDSGKVKEKSFDALNFVTML

& Download v GenPept Graphics

3'-5' RNA helicase YTHDC2 isoform 1 [Homo sapiens]
Sequence ID: NP_073739.3 Length: 1430 Number of Matches: 1

Range 1: 698 to 723 GenPept Graphics

Score
20.4 bits(41)

Expect
114

NDCTFVXTHIFCKEHQFLMMNFISXV
ND FV KE F +NF++ +
Sbjct 698 NDVVFVIDSGKVKEKSFDALNFVTML

Method

Query 9

Composition-based stats.

Identities Positives Gaps
9/26(35%) 13/26(50%) 0/26(0%)
34

423

Identities Positives Gaps
9/26(35%) 13/26(50%) 0/26(0%)
34

561

Identities Positives Gaps
9/26(35%) 13/26(50%) 0/26(0%)
34

723
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Related Information
Gene - associated gene details
Genome Data Viewer - aligned
genomic context

v Next A Previous <«Descriptions

Related Information
Gene - associated gene details
Genome Data Viewer - aligned
genomic context

A Previous <«Descriptions

Related Information
Gene - associated gene details
Genome Data Viewer - aligned
genomic context

[Z Feedback|
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(iv) Text File, with the key elements that should be extracted highlighted in red
are best put into a table format and saved:

RID: G70W30DT016

Job Title:ASS53CN-Abeta

Program: BLASTP

Database: refseq_protein NCBI Protein Reference Sequences
Query #1: OQuery ID: lcl|Query 11240 Length: 40

Sequences producing significant alignments:

Max Total Query E Per.
Description Score Score cover Value Ident Accession
3'-5' RNA helicase YTHDC2 isoform 3 [Homo sapiens] 20.4 20.4 65% 114 34.62 NP _001332905.1
3'-5' RNA helicase YTHDC2 isoform 2 [Homo sapiens]) 20.4 20.4 65% 114 34.62 NP_001332904.1
3'-5"' RNA helicase YTHDC2 isoform 1 [Homo sapiens] 20.4 20.4 65% 114 34.62 NP_073739.3

Alignments:

>3'=5' RNA helicase YTHDC2 isoform 3 [Homo sapiens]
Sequence ID: NP _001332905.1 Length: 1130

Range 1: 398 to 423

Score:20.4 bits(41), Expect:ll4,

Method:Composition-based stats.,

Identities:9/26(35%), Positives:13/26(50%), Gaps:0/26 (0%)
Query 9 NDCTFVXTHIFCKEHQFLMMNFISXV 34

ND FV KE F +NF++ +
Sbjct 398 NDVVFVIDSGKVKEKSFDALNFVTML 423

>3'-5' RNA helicase YTHDC2 isoform 2 [Homo sapiens]
Sequence ID: NP _001332904.1 Length: 1268

Range 1: 536 to 561

Score:20.4 bits(41), Expect:114,

Method:Composition-based stats.,

Identities:9/26(35%), Positives:13/26(50%), Gaps:0/26(0%)
Query 9 NDCTFVXTHIFCKEHQFLMMNFISXV 34

ND FV KE F +NF++ +
Sbjct 536 NDVVFVIDSGKVKEKSFDALNFVTML SGH

>3'-5' RNA helicase YTHDC2 isoform 1 [Homo sapiens]
Sequence ID: NP _073739.3 Length: 1430

Range 1: 698 to 723

Score:20.4 bits(41), Expect:114,

Method:Composition-based stats.,

Identities:9/26(35%), Positives:13/26(50%), Gaps:0/26(0%)
Query 9 NDCTFVXTHIFCKEHQFLMMNFISXV 34

ND FV KE F +NF++ +
Sbjct 698 NDVVFVIDSGKVKEKSFDALNFVTML 723

(6e) Any results with a % gaps greater than 0 should be reviewed as these
may not be compatible with protein-protein binding.

Gaps are where a space is introduced between two amino acids in either the
Query or Sbjct sequence to achieve better alignment, they are indicated with
one or more “-" in between two amino acid residues (circled in red).

>melanoma-associated antigen 10 [Homo sapiens]
Sequence ID: NP_066386.3 Length: 369
Range 1: 170 to 199

Score:18.5 bits(36), Expect:12367,
Method:Compositional matrix adjust.,
Identities:11/43(26%), Positives:16/43(37%), Gaps:17/43(39%)

Query 22  DHYPEZ=9KDKECTXTEDVKRIRLSLSKNIYXFNXKETDNTGH 60
DH+P + EC ++ + KE D TGH
Sbjct 170 DHFPLLFSEASECMLIC-—-—--------JVFGIDVKEVDPTGH 199
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The key is that gaps are not present in protein sequences but are artifacts of
the BLAST search methods. This means that gaps could create an artificial
alignment that in reality would not lead to a protein-protein interaction. The
higher the % gaps the more likely the result would not be compatible with
binding.

The length of ungapped alignment within the BLAST results needs to be
sufficient to suggest possible binding and as such needs to be accounted for
when taking results with gaps forward. In this example the selection circled in
red could still potentially be used:

>peptidyl-prolyl cis-trans isomerase-like 4 [Homo sapiens]
Sequence ID: NP 624311.1 Length: 492
Range 1: 126 to 156

Score:19.2 bits(38), Expect:7508,
Method:Compositional matrix adjust.,
Identities:8/32(25%), Positives:18/32(56%), Gaps:1/32(3%)

Query 173 FXYINKSLSLHIRKVDETXTCEKDKPYHDLTV 204
F + + + + |I+K++ET + PY D+ +
Sbjct 126 FGEVTEGMDIAIKKINETFVDKDFVPYQDIRI 156

The resultant alignment would be used along with recalculated % identity and
% positives for the shorter segment. The E value and the statistical analysis
would no longer be valid.

>peptidyl-prolyl cis-trans isomerase-like 4 [Homo sapiens]

Sequence ID; NP 624311.1 Length: 492
Range 1: (136 to

’

Method:Compositional matrix adjusi,,
Identities:[7/21 (33%) Positives[13/21(62%§} Gaps:

Query IRKVDETXTCEKDKPYHDLTV 204
I+K++ET *+ PY D+ +

Sbjct 136 JIKKINETFVDKDFVPYQDIRI 156

For the purpose of antisense binding 0% gaps is best, and generally
the majority of sequences with >0% gaps are discarded.

The easiest method to extract the data is to open the txt file in Word, select the
txt file and then right-click to bring up the options. Select Open With (circled in
red) and then select Word (circled in red), just click OK for any conversion
settings are suggested and then save document as Protein Name Results.docx.
Keep the original txt file as it contains the aligned sequences that are needed
in section 7c (page 32 below) and is a record of the results of the BLAST search:
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Name Date modified Type Size

My Stationery 09/05/2016 00:15 File folder
| G70W30DTN1A-Alinnmant NA/NT7/2020.22:33 Text Document 2 KB
Open
Print
Edit

Share with Skype

Move to OneDrive

Send with Transfer...

Scan with Windows Defender...
Share

> 2 s
Parallels Toolbox >

Open on Mac ™ WordPad

=

RE 0O

Show in Finder

Search the Microsoft Store
Share on >

Choose another app

Once saved delete the initial parts of the file down to alignments (highlighted in
blue):

Insert Format Tools Table Window Help
Home Insert Draw Design Layout References Mailings Review View EndNoteX9 Acrobat ) Tel & Share () Comments
D X couerNew v 105 v A A Aav A § == |59
Pste ¢ B I Uva x ¥ AvZvA-

T

AsBbCcOdEe  AasbCcDdge  AaBbCCOC Asdbceodt, AQBD( assvceost Acsbccodee  AosbecodEe  nosbcodte  AsBbCeDdEe  AosbecodEe ,@ 8-

Nomsl  NoSpaceg  Meadng)  Headng2 Tive Subste  SubGeEmn.  Emphas  iawero.  Sueng ute Styles  Dictate
Pare

RID: G70W30DTO016

Job Title:AS53CN-Abeta

Program: BLASTP

Database: refseq protein NCBI Protein Reference Sequences
Query #l1: Query ID: lcl|Query 11240 Length: 40

Sequences producing significant alignments:

Max
Total Query E Per.
Description Score
Score cover Value Ident Accession
3'-5' RNA helicase YTHDC2 isoform 3 [Homo sapiens] 20.4
20.4 65% 114 34.62 NP_001332905.1
3'-5"'" RNA helicase YTHDC2 isoform 2 [Homo sapiens] 20.4
20.4 65% 114 34.62 NP _001332904.1
3'-5"'" RNA helicase YTHDC2 isoform 1 [Homo sapiens] 20.4

20.4 65% 114 34.62 NP_073739.3

Alignments:
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Then select complete text and using the Table option convert text to table
(highlighted in blue), make sure converts to one column table:

@& Word File Edit View Insert Format Tools JRPTIIY Window Help Q B i T w0okBF Fi219 [({ an =

Home Insert Draw Design Layout References Insert » adNoteX9  Acrobat Q) Tel £ Share  CJ Comments
Delete »

Tl | Lommtmtew 05 <SATATfl2e1] R BT o apbceDc mceose AaBb s Aoabcaosee nnncome saacore | | 4 &

coli o (A vt o] e et |Eimmanil lmso e

AutoFit and Distribute ~ »

>3'-5" RN aTraorrerm 3 [Homo sapiens]
Sequence e ewvoem—mendgth: 1130

Ranage 1: ViewGridines

Then add a row at the top and type in Name of protein similar to AS53CN-
protein name in that row. Then select add columns to the right and add a total
of seven columns to give an eight-column table. Then put the headings in table
below:

® Word File Edit View Insert Format Tools JECLNLN Window Help QB T 0% Fi2128 [ &n =

bloDesign Layout Q Tellme & Shars ||| ) Comments
Columns to the Left  _
Columns to the Right =

Sok Cot, o rooe

Split Table Rows Below

...........

AutoFitand Distribute > elis...
Repeat Header Rows.

-

[P3'-5' RNA helicase YTHDC2 isoform 3 [Homo sapiens] |

In the table delete the > symbol at the start of the protein name. Then copy
the NP number (circled in red) and paste in column 2; the length number (circled
in red) and paste in column 3; the range numbers (circled in red) and paste in
column 4; the Query start and end numbers (circled in red) and paste in column
5; the % ID (circled in red) and paste in column 6; the % +ve (circled in red)
and paste in column 7; and finally, the % Gaps (circled in red) and paste in
column 8. This will give a table like this:

Name of protein similar to Protein ID Size Residues Query % ID % +ve | % Gaps
ASS53CN-AR residues
3'-5' RNA helicase YTHDC2 isoform 3 [Homo NP_001332905.1 [ 1130 398-423 9-34 35 50 0

sapiens] —————y
Sequence ID:\NP 001332905.1)Length: (1130)
==,

Range 1:(398"to 423}

Score:20.4 bits(41), Expect:114,
Method:Composition-based stats., s
Zdenrities:9/26, Positives:13/26|50%),
Gaps:0/26 (0%]

Query [9) NDCTFVXTHIFCKEHQFLMMNFISXV (34)
— ND FV KE F +NF++ + —
Sbjct 398 NDVVEVIDSGKVKEKSEDALNEVTML 423

>3'-5' RNA helicase YTHDC2 isoform 2 [Homo

Delete the highlighted rows in blue above, down to the next protein name and
repeat the same process above, until all of the proteins have been processed to
give a table like this:
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YTHDC2 isoform 3

Name of protein Protein ID Size | Residues Query % ID % +ve % Gaps
similar to residues

AS53CN-AR

3'-5' RNA helicase | NP_073739.3 1430 698-723 9-34 35 50 ("]
YTHDC2 isoform 1

3'-5"' RNA helicase | NP_001332904.1 | 1268 536-561 9-34 35 50 0
YTHDC2 isoform 2

3'-5"' RNA helicase NP_001332905.1 1130 398-423 9-34 35 50 )

(6g) Make sure that none of the proteins have a % Gaps > 0 as this data should
have been discarded in section 6e above (page 23), if there are any rows with

a % Gaps > 0 they should be reviewed as described.

(6h) If the antisense peptide sequence screened is an AS35NC or AS53NC the Query
residue numbers correspond directly to the SNC residue numbering (see 643,
page 20 above). However, in this case the AS53CN peptide was used, which
means the numbers need to be converted as described in 6b above (pages 20-
21). Using a table with 1-40 ascending in Column A and 40-1 descending in
Column B (40 is the number of residues in the SNC-AB [see Table 6c, page 21
above], can be determined using word count for the sequence):

CN - Residue
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11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

2

36
37
38
39
40

NC - Residue

40
39
38
37
36
35
34
33

31
30
29
28
27
26
25
24
23
22
21
20
19
18
17
16
15
14
13
12
11
10
9
8

)
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28



(61)

NEUrODELT

The 9-34 Query residues (circled in red) correspond to 32-7 (circled in blue).
The Query residues with the revised numbering corresponding to the AB
residues 32-7 and the results table can be modified to show this:

Table 6h

Human Protein that | Protein ID Size | Residues AR % ID % +ve % Gaps
theoretically residues

binds human AR

3'-5" RNA helicase | NP_073739.3 1430 698-723 32-7 35 50 (%]
YTHDC2 isoform 1

3'-5" RNA helicase | NP_001332904.1 | 1268 536-561 32-7 35 50 (%]
YTHDCZ2 isoform 2

3"-5" RNA helicase | NP_001332905.1 | 1130 398-423 32-7 35 50 ("]
YTHDCZ2 isoform 3

Thus 3'-5' RNA helicase YTHDC2 isoform 1 residues 698-723 theoretically binds
to AB residues 7-32.

Within the results files there are other potentially useful pieces of information
that can be used when writing up the results. There are also other useful sets
of data that can be downloaded from the Blast search while online:

Job Title AS53CN-Abeta Filter Results
RID G70W30DT016  Search expires on 07-08 04:03am Download All v
e Organism only top 20 will appear exclude
Program BLASTP@ Citation v g Ll L
Database refseq_protein ~ See details v ‘ ‘
Query ID lcl|Query_11240 + Add organism
Description None Percent Identity E value Query Coverage
Molecule type  amino acid
renp ‘ to ‘ ’ to ] \ to

Query Length 40
Otherreports  Distance tree of results WMultiple alignment{ MSA viewer §p m

Descriptions Graphic Summary Alignments Taxonomy

Sequences producing significant alignments load ~ ge Col ¥ Show | 20000 ¥ | @

selectall 3sequences selected GenPept Graphics Distance tree of results Multiple alignment

Description Ll Gy 2 o Accession

3'-5' RNA helicase YTHDC?2 isoform 3 [Homo sapiens]

3'-5' RNA helicase YTHDC2 isoform 2 [Homo sapiens]

3'-5' RNA helicase YTHDC?2 isoform 1 [Homo sapiens]

Score Score Cover value Ident

204
204
204

204 65% 114 34.62% NP_001332905.1
204 65% 114 34.62% NP_001332904.1

204 65% 114 34.62% NP 073739.3

The distance tree of results (click link circled in red) can be useful and also the
MSA viewer (again click link circled in red). From these links the files can be
downloaded as pdfs. For the Distance tree of results: after clicking on link go to
Tools (circled in red), then Download (circled in red), then select PDF:
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m) U.S. National Library of Medicine NCBI National Center for Biotechnology Information Sign in to NCBI
BLAST ®
Blsstties.Viaw, Home  RecentResults  Saved St i Help
This tree was produced using BLAST pairwise alignments. more...
Reset Tree
BLAST RID GHFH6U9Y016 Query ID Icl|Query_62681 Database refseq_protein
Tree method Max Seq Difference Distance Sequence Label
Fast Minimum Evolution [ & 085 Be Grishin (protein) Be Sequence Title (if a [ &
Mouse over an Interal node for a subtree or alignment. Click on tree label to select sequence to download Hide legend
@ Fnd: v - s WA T e} Ouios (@) ¢ - | eicormes
. M Tavery
 unnamed | Downicac ASNtextfile  from type material
Layout 2 ASNbinary file ¢ names color map
o 5 Newick file unknown
NEXUS file primates
Zoom behavior ¥

Cloar caloctinn

This will give the following where the unnamed protein product is the ‘ASS3CN—
AB and the results indicate how closely related the sequences are:

@ unnamed protein product
37-5” RNA helicase YTHDC2 1soform 3 [Ho...

04 3°-5" RNA helicase YTHDC?2 isoform 2 [Ho...

3’-5" RNA helicase Y THDC?2 isoform 1 [Ho...

Multiple sequence alignment (from MSA viewer) results: after clicking on link go
to Download (circled in blue), then select Printer-Friendly PDF/SVG, which will
bring up a second box:

ene < m 9 o & nebi.nim.nih.gov ¢ 0O h| @
NCBI Blast:AS53CN-Abeta NCBI Multiple Sequence Alignment Viewer 1.15.0

% NCB] t+Home PubMed GenBank BLAST Muiltiple Sequence Alignment Viewer 1.15.0 T

Aignment Link To View | Feedback

FW 10.1 13.1 131 14.1 14.1 151 15,1 16.1 16.1 17.1 17.1 18.1 18.1 19.1 19.1 20.1 20.1 21.1 21.1 22.1 22,1 23.1 23.1 241 34 o

| [ I — I I .
9 - 34 (26r shown) el - + A Tools » onows5=€coiwln9' &

Sequence ID Start 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 20 30 3 32 33
[Query_62681 ¥Jo N pC T PV

NP 001332905.1 | ¥]398 KRNI A
NP 001332904.1 [ ¥1536
NP 0737393 %1698

FASTA Alignment.

T H I F C K E H Q F L M M N ¥ I S x

D i i Qs B s W OO e B AL - . v T I
v ————y— v+ W b
D S G K v o . [3 5 o A L > D v T N

%
o

1 JHnmo sapiens. ‘
723 Homosapiens

o|o!

In the second box the Possible range formats box (circled in blue) should have
the 9-34 for the fragment of AS53CN-AB that is aligned, if there are other
alignments may have a range covering all of them. Select PDF (circled in blue)
and click Download (circled in blue):

| Download Image x
PROTEIN: 9 - 34 (26r shown) - anchor Query_62681 o Rows

| Enter Sequence Range
Possible range formats include 10K-20K, 10:20, 20000-30000, 5 to 515, 1...246

] simplified color shading (allows greater compatibility with image editors)

File type: (PDF and SVG contain vector graphics for high quality images)

o —
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(iii)
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This will give the following where the query is AS53CN-AB and the alignments
are for the proteins from table at end of 6f above (page 26), note in this case
the numbering is AS53CN-AB sequence numbering and not the corrected AB
SNC sense numbering:

INCBI Multiple Sequence Alignment Viewer, Version 1.140
Sequence ID Start | Alignment End Organism
s 10 M 2 !

S
Py yyproiyyiyiryyyonn
T === e =t et 1= e s ne ey L BB

NP, (;0!3329051 (s+) 398 I P E K ¥ d v A » 423 Homo sapiens
NP_001332904.1  (4) 536 i3 o ¢ o x v - - x o - o a & - - v 1 N L B
NP_073739.3 (+) 698 x % DM 723 Homosapiens

Within the saved Alignments files there are a number of components that are
also useful: NEW TABLE HERE — Alignments, Expect, plus bits from 6h

3'-5' RNA helicase YTHDC2 isoform 1 [Homo sapiens]
Sequence ID: NP_073739.3 Length: 1430 Number of Matches: 1

Range 1: 698 to 723 GenPept Graphics

Score Expectfl Method
20.4 bits(41) § 114 Composition-based stats.

Query 9 NDCTFVXTHIFCKEHQFLMMNFISXV 34
ND FV KE F +NF++ +
Sbjct 698 NDVVFVIDSGKVKEKSFDALNFVTML 723

Positives

13/26(50%)

Identities
9/26(35%)

Gaps
0/26(0%)

The Expect (E-value) is a statistical indication of similarity between the Query
and Sbjct, the smaller the E-value, the better the match. Within the extracted
data files created in above the Identities, Positives and Gaps data has been
extracted.

The Identities is the % of amino acids in the Query sequence that are identical
to those in the Sbjct sequence — these are shown in the middle row between
the Query and Sbjct rows as letters.

The number of Positives includes the identical amino acids. In the context of
alignments displayed in the BLAST output, the Positives are those non-identical
substitutions that receive a Positives score in the underlying scoring matrix,
BLOSUMG62 by default. Most often, Positives indicate a conservative substitution
or substitutions that are often observed in related proteins. In effect the
Positives is the % of amino acids in the Query sequence that are similar to those
in the Sbjct sequence — these are shown in the middle row between the Query
and Sbjct rows as a + symbol. Similarity of amino acids in this case is often
based on similar structural features in the R group of the amino acids.

Gaps are where a space is introduced between two amino acids in either the
Query or Sbjct sequence to achieve better alignment, for the purpose of
antisense binding a 0% Gaps is essential, and sequence alignments with Gaps
are normally discarded (see 6e above, page 23).
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7: Molecular recognition analysis

(7a) The basis for the molecular recognition theory is that amino acids encoded by
the sense strand of DNA will bind the corresponding amino acids encoded by
the antisense strand. Using the BLAST search with a scoring matrix to identify
similarities has limitations and may identify sequences that do not have a good
potential to actually bind the target protein. The % identity from the BLAST
search data represent identity with the antisense peptide and is much more
useful than the % positives, which may give an inflated indication of potential
binding.

The Molecular Recognition (MR) scoring is an alternative system that determines
the potential of the target protein residues binding to the identified interacting
protein residues based on antisense/sense interactions. The method determines
the quantity of antisense/sense pairs within the identified target/interacting
protein regions identified by the BLAST search. Using aligned target/interacting
protein regions and the following table a score for the potential interaction is
calculated. For example, if the first residue of the target is an A, then a score of
1 would be given if the first residue of the binding protein was either a C, G, R
or S. If the first residue of the binding protein was any other amino acid, a score
of 0 would be given. Then the process is repeated for each residue of the
target/interacting protein regions:

(7b) Table for Molecular Recognition Scoring:

Target Residue Binding Protein Residue MR
Score
Ala (A) Cys (O) Gly (G) Arg (R) Ser (S) +1
Cys (O) Ala (A) Thr (T) +1
Asp (D) Ile (I) Leu (L) Val (V) +1
Glu (E) Phe (F) Leu (L) +1
Phe (F) Glu (E) Lys (KD +1
Gly (G) Ala (A) Pro (P) Ser (S) Thr (T) +1
His (H) Met (M) Val (V) +1
Ile () Asp (D) Asn (N) Tyr (Y) +1
Leu (L) Asp (D) Glu (E) Lys (K) Asn (N) Gln (Q +1
Lys (KD Leu (L) Phe (F) +1
Met (M) His (H) Tyr (Y) +1
Asn (N) Ile (I) Leu (L) Val (V) +1
Pro (P) Gly (G) Arg (R) Trp (W) +1
Gln (Q© Leu (L) Val (V) +1
Arg (R) Ala (A) Pro (P) Ser (§) Thr (T) +1
Ser (S) Ala (A) Gly (G) Arg (R) Ser (S) Thr (T) +1
Thr (T) Cys (€) Gly (G) Arg (R) Ser (8) Trp (W +1
Val (V) Asp (D) His (H) Asn (N) GLn (Q Tyr (Y) +1
Trp (W) Pro (P) Thr (T) +1
Tyr (Y) Ile (I) Met (M) Val (V) +1
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For AS35NC and AS53NC sequences the Query residues from a BLAST search
should align with the SNC residues for comparison. For AS35CN and AS53CN
sequences the Query residues from a BLAST search should align with the SCN
residues for comparison. The key is to use the Query residue numbers to identify
the SNC or SCN residues to use.

Copy the alignments from the txt file (see section 6d, (iv) above, page 23) and
paste into a word document (for ease always use a monospaced font such as
Courier New). Save the document as a word file.

Open the Python results file for the target protein and then copy the SNC or
SCN residues corresponding to the Query residues for each protein and paste
then above the Query — see examples below. Then align the SNC or SNC
residues with the Query residues. The SNC or SCN should then be aligned with
the Sbijct residues.

Using Table 7b above (page 31) the Molecular Recognition (MR) score for the
protein can be determined, using the SNC or SCN residues as the Target protein
residues in the table and the Sbjct residues as the Binding Protein residues.

The total score is best expressed as a % of the total number of residues in the
target sequence. The higher this % the more likely a binding interaction is likely
to occur. This number will always be equal to or greater than the % identity
score from the BLAST search.

The following efficient process of calculating the MR score for alignments
obtained from antisense peptide Blast results using AS35CN, AS53CN, AS35NC,
AS53NC employs Microsoft Excel to eliminate human error:

As an example, using data from the AS53CN-AB Blast results below, plus the AB
SCN sequence detailed in section 6f (pages 24-27 above) the MR score will be
determined for the BLAST alignment that predicted an interaction between AB
and the 3'-5' RNA helicase YTHDC2 isoform 1:

>3'-5" RNA helicase YTHDC2 isoform 1 [Homo sapiens]
Sequence ID: NP 073739.3 Length: 1430
Range 1: 698 to 723

Score:20.4 bits(41l), Expect:114,

Method:Composition-based stats.,
Identities:9/26(35%), Positives:13/26(50%), Gaps:0/26(0%)

Query@ NDCTEVXTHIFCKEHQFLMMNFISXV
ND FV KE F +NF++ +

Sbjct 698 NDVVEVIDSGKVKEKSFDALNFVTML 723
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(i) The whole SCN sequence was copied and pasted from the python outputs file
into a single cell in an excel spreadsheet.

Input name: AR

Input coding mRNA:
GATGCAGAATTCCGACATGACTCAGGATATGAAGTTCATCATCAAAAATTGGTGTTCTTTGC
AGAAGATGTGGGTTCAAACAAAGGTGCAATCATTGGACTCATGGTGGGCGGTGTTGTC

SNC - AR = DAEFRHDSGYEVHHQKLVFFAEDVGSNKGAIIGLMVGGVV
SCN - AR = VVGGVMLGIIAGKNSGVDEAFFVLKQHHVEYGSDHRFEAD
[ ) AutoSave @ofF () 2 2vC - Book1
Home Insert Draw  Page Layout Formulas Data Review View Q Tellme
'&Dv & Courier New vi1z v|AT A | == v 2b, Wrap Text v Gener:
@dv
Paste < B I U+ v Ov A = o i €= 5= [&] Merge & Centre v = v
Al : Jx VVGGVMLGIIAGKNSGVDEAFFVLKQHHVEYGSDHRFEAD
A B8 C D E F G H J K

1 | VVGGVMLG I.II AGKNSGVDEAFFVLKQHHVEYGSDHRFEAD

2 =

(i In cell Bl, the following formula was then entered: =MID($A1,
COLUMNS($A$1:A%$1), 1), where the first amino acid of the sequence
appeared. To separate each amino acid of the sequence into one cell per
column, cell B1 was dragged to the right across row one until the last amino
acid had a position.

AutoSave @ofF () 2 92vq ..

Home  Insert Draw Page Layout Formulas Data Review View Q Tellme

&D v b Tahoma v v AT A == | v 25, Wrap Text v Gener:
v
Paste \,V B I Q v ; v & v A v g g E E E @ Merge & Centre v = v
B1 = fx =MID($A1, COLUMNS($AS$1:AS1), 1)
A B8 C D E F G H J K

1 IWGGVMLGI{V _I

a2 -

e AutoSave @ oFF () & 92v0C - Book1

Home Insert Draw  Page Layout Formulas Data Review View O Tellme

QD RS Tahoma v1 v AT A == | v 25, Wrap Text v Gener:
@~ e e
Paste & BY I U v | v Sy A B = 5= [&] Merge & Centre v 3 v
B1 s fx  =MID($A1, COLUMNS($A$1:A$1), 1)
AG AH Al Al AK AL AM AN AO AP AQ
116 S D H R F E A D |

(iii)  The amino acid sequenced was then copied and pasted in a separate sheet by
using the Paste Special options ‘Values’ and ‘Transpose’. By pasting the first
amino acid in position Al the rest amino acids were arranged to the positions
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underneath so that the number of the row corresponded to the number of the
amino acid residue.

Al < Paste Special
A J K
| I Paste
-
‘: All All using source theme
a Formulas All except borders
5 O values Column widths
6
- Formats Formula and number formats
8 Comments Values and number formats
9 Validation All, merge conditional formats
10
11
12 Operation
13
14 O None Multiply
15 Add Divide
16
17 Subtract
18
19 :
20 Skip Blanks Transpose
21
22 Cancel m
23
Home Insert Draw Page Layout Formulas Data Review View O Tell me
QDV LS Tahoma VAN | =E=E v b, Wrap Text v Generz
&~ L
Paste B I Uwv Ov A = = = = 3= [& Mergeacentrev 3 v
Al s fxv
A C E 3 G H J K
22 |F
23|V
24 |L
25 |K
26 |Q
27 |H
28 |H
29 |V
30 |E
31|Y
32|16
3|8
34|D
35 |H
36 |R
37 |F
38 |[E
39 |A
40 |D

41

(iv) The interacting residue section of the SCN peptide was then isolated, in this

example from the BLAST result detailed in section 7d above this was residues
9-34 (IIAGKNSGVDEAFFVLKQHHVEYGSD), pasted into a new excel file and
saved as MR comparison.
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(v)  The residue section of the Sbjct sequence, in this case 3'-5' RNA helicase
YTHDC2 isoform 1 residues 698-723 (NDVVFVIDSGKVKEKSFDALNFVTML) was
also copied and pasted in an excel spreadsheet in a similar manner to the SCN
sequence and steps (i) — (iii) above were repeated.

>
[y
»

fx N

C D E F G H | J K

<4

00N BE WN =
™

(o]

FHEHKSMZAFPOMUVLAMRXCXOVO T <MK K02
>
-

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

(vi)  The above section was then copied and pasted next to the SCN sequence in the
saved MR comparison excel file as below:
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=
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11
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27

(vii) The following formula was subsequently copied and pasted in cell C1, to
facilitate merging of columns A+B: =CONCATENATE(A1, " ",B1). To
complete merging of all the rows, cell C1 was dragged all the way down to last
row containing an amino acid code (in this example row 26).

>

c1 fx =CONCATENATE(AL, " ",B1)

<4

A B c D E F G H J K
[In _l
ID
AV
GV
KF
NV
SI
GD
Vs
DG
EK
AV
FK
FE
VK
LS
KF
QD
HA
HL
VN
EF
YV
GT
SM
DL

= 0 NO VD WN R
DUVUOE<<MECIITOXRIFS<TTPMO<ONZXOP=H

FgH<S<TMZ2Zr>PO0OMO0OAAMAXSAOVO TS TNTC<<C<O2Z

27

(viii) The following formula was inserted into cell D1:
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=SUM(COUNTIFS($C1:C26, {"A C","A G","A R","A S","C A","C T","D
I","D L","D V","E F","E L","F E","F K","G A","G P","G S","G T","H M","H
v","I D","I N","I Y","L D","L E","L K","L N","L Q","K L","K F","M H","M
Y","NI","NL","NV","P G","PR","P W","QL","Q V","RA","RP","R S","R
T""SA","S G","SR","S S","S T","T C","T G","T R","T S","T W","V D","V
H","V N","V Q","V Y","W P","W T","Y I","Y M","Y V"})).

The C26 in the formula should be altered to match the last row containing amino
acid pairs in column C.

Home Insert Draw Page Layout Formulas Data Review View ) Tellme

> N JXJ Tahoma vin & A” A“ = = = ’Eﬁ‘ v ﬁ(b‘ v General
D EBV o
Paste Bl 1 Uu. | T v A === = By Bv% 9| 9
D1 = fx  =SUM(COUNTIFS($C1:C26, {"AC","AG","AR","AS","CA","CT","D I","D L","D V", "E F","E L","F
A B C D 3 F G H I J K
1|1 N IN [ 12]
2 |1 D 1D
3 A v AV
4G v GV
5 K F KF
6 N v NV
78 | SI
8 G D GD
9 v s Vs
10 D G DG
11 E K EK
12 A v AV
13 F K FK
14 F 3 FE
15V K VK
16 L s LS
17 K F KF
18 Q D QD
19 H A HA
20 H L HL
21lv N VN
22 E F EF
23|Y v YV
24 G T GT
25 S M SM
L DL

N
RN
o

The final score calculated by this formula equals the amount of all the +1 amino
acid pairs out of the total amino acid pairs within the alignment section between
the SNC sequence and the subject protein. In this case 12/26 amino acid pairs
were awarded a score of +1 which converts into an MR score of 46%.

The amino acid sequence of AB residues 32-7 corresponds to
ITAGKNSGVDEAFFVLKQHHVEYGSD and the amino acid sequence of 3'-5' RNA
helicase YTHDC2 isoform 1 residues 698-723 corresponds to
NDVVFVIDSGKVKEKSFDALNFVTML. Aligning these in a table manually also
allows scoring:

AR ITAGKNSGVDEAFFVLKQHHVEYGSD
YTHDC2 NDVVEVIDSGKVKEKSFDALNEVTML
Score 11001100000011001000111101
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The same process was followed for all residue alignments, however depending
on the source of the subject protein, AS35CN and AS53CN or AS35NC and
AS53NC, the corresponding SCN or SNC peptide was used initially in steps (i) -
(iii) detailed above on pages 33-34 respectively.

The following examples have alignments copied from txt files from BLAST
searches (see section 6d, (iv) page 23) with SNC or SCN sequences inserted.
Example (a) has been taken from an AS35NC BLAST search and Example (b)
has been taken from an AS35CN BLAST search. The scoring has used table 7b
above (page 31):

Example (a)

>pancreatic triacylglycerol lipase precursor [Homo sapiens]
Sequence ID: NP 000927.1 Length: 465
Range 1: 240 to 256

Score:25.8 bits(55), Expect:35,
Method:Compositional matrix adjust.,
Identities:10/17(59%), Positives:12/17(70%), Gaps:0/17(0%)

SNC 54 VELEKGVLPQLEQPYVF 70

Query 54 HLDLFPHDGVELVGIHK 70
HLD FP+ GVE+ G K
Sbjct 240 HLDFFPNGGVEMPGCKK 256

Scoring (a):

SNC VELEKGVLPQLEQPYVF
Sbjct HLDFFPNGGVEMPGCKK
Score 11111110111001001

Example (b)

>sterile alpha and TIR motif-containing protein 1 precursor [Homo sapiens]
Sequence ID: NP _055892.2 Length: 724
Range 1: 326 to 341

Score:23.5 bits (49), Expect:214,
Method:Compositional matrix adjust.,
Identities:11/16(69%), Positives:13/16(81%), Gaps:0/16(0%)

SCN 93 LEVVKHGHNTSLADSR 108

Query 93 DLQQFVPVLWSNRLRA 108
DLQ+ VP+L SNRL A
Sbjct 326 DLQRLVPLLDSNRLEA 341

Scoring (b):

SCN LEVVKHGHNTSLADSR
Sbjct DLQRLVPLLDSNRLEA
Score 1110111010111101

The total MR score is best expressed as a % of the total number of residues in
the target sequence, in this case %MR = 71% (12/17) for Example (a) and 75%
(12/16) for Example (b). The higher this %MR the more likely a binding
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interaction could potentially to occur. This number will always be equal to or
greater than the % identity score from the BLAST search. Within the results
table (see section 6h, page 27) a ninth column can be inserted with the heading
% MR and the values determined from this scoring added.

Human Protein that | Protein ID Size | Residues AR % ID % +ve % Gaps % MR
theoretically residues

binds human AR

3'-5" RNA helicase | NP_073739.3 1430 | 698-723 32-7 35 50 0 46
YTHDC2 isoform 1

3'-5" RNA helicase | NP_001332904.1 | 1268 536-561 32-7 35 50 ] 46
YTHDC2 isoform 2

3'-5" RNA helicase | NP_001332905.1 | 1130 | 398-423 32-7 35 50 0 46
YTHDC2 isoform 3

Where comparing multiple potential protein interactions the % MR is a useful
indicator of potential interactions. The % scoring accounts for the size of the
interacting region without consideration for the overall size of each protein.

The size of each interacting region will be variable, and a larger interacting
region may not be more important than a very short one. It is important to
remember that protein interactions can involve both small and large sequences
binding together. For example, the tripeptide thyrotropin-releasing hormone
(TRH) binds to a 398 amino acid receptor but only interacts with a very limited
number of the TRH receptor amino acids. As such it is important to consider
short interacting regions as well as long interacting regions.

The nature of the molecular recognition theory does not directly take into
account secondary or tertiary structures of the proteins that might interact and
the %MR should always be considered as a predictive tool with these limitations
in mind.
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8: PDB files for protein-protein
interaction modelling

For molecular modelling using the ZDock (http://zdock.umassmed.edu, section
9 pages 52-55 below) the software requires a PDB file from the target protein
and a PDB file from the suggested interacting protein. From the table of results
from the Molecular Recognition analysis above (section 7e, page 39) it is
possible to select results in terms of the regions of proteins that interact.
Choosing which interactions to study is detailed in Section 12a-e (pages 73-74).

Since the target protein will have a protein ID (NP_*** number: see section 2b,
page 7 above) and the interacting proteins from the BLAST search results will
also have a protein ID (NP_*** number: see results tables generated in section
7e, page 39 above) it is possible to run a Protein BLAST search to identify similar
protein structures. Under the header “Enter accession humber, gi or FASTA
sequence” paste in the protein ID for the target or interacting protein, in this
example the NP_000475.1 protein ID has been used (circled in red). Also enter
the protein name into the Job title box (circled in red). Under the “Choose
Search Set”, “"Database” select Protein Data Bank proteins(pdb), under the
“Organism” type in homo sapiens and select "Homo sapiens (taxid:9606)",
leave the tick boxes for Exclude “Models (XM/XP)”, “"Non-redundant RefSeq
proteins (WP)” and “Uncultured/environmental sample sequences”
unchecked plus select Algorithm “blastp (protein-protein BLAST)"” — see red
* marks below:

blastn m blastx tblastn tblastx

BLASTP programs search protein databases using a protein query. more...

Enter Query Sequence

Enter accession number(s), gi(s), or FASTA sequence(s) © clear Query submngee
< NP_000475.1
e oo 1] Fom [ ]
I ) —
Or, upload file Choose File no file selected (2]
Job Title (Target ) |

Enter a descriptive title for your BLAST search Q

O Align two or more sequences @

Choose Search Set

Database

* [ Protein Data Bank proteins(pdb) & |Q
Organism —
Optional % [ Homo sapiens (taxid:9606) |LJ exclude
Enter organism common name, binomial, or tax id. Only 20 top taxa will be shown. 0
Exclude * [ Models (xM/XP) [_] Non-redundant RefSeq proteins (WP) [_] Uncultured/environmental sample sequences

Optional

Program Selection

Algorithm * (@ blastp (protein-protein BLAST)
O PSI-BLAST (Position-Specific Iterated BLAST)
(O PHI-BLAST (Pattern Hit Initiated BLAST)
O DELTA-BLAST (Domain Enhanced Lookup Time Accelerated BLAST)
Choose a BLAST algorithm (2]

BLAST Search database pdb using Blastp (protein-protein BLAST)
IJ Show results in a new window
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After clicking BLAST (circled in red above) a series of results will appear. Using
the “Alignments” tab in the results it is possible to find structures similar to
regions of interest:

Descriptions Graphic Summary Alignments Taxonomy

Alignment view | Pairwise v | (2] [Restore defaults] Download v

86 sequences selected (2]

& Download v GenPept Graphics ¥ Next <«Descriptions
A ptor molecule [Homo sapiens]

Sequence ID] SBUO_A R ength: 342 Number of Matches: 1
See 1 more title(s) v See all Identical Proteins(IPG)

Range 1: 2 to 342 GenPept Graphics Related Information

e Structure - 3D structure displays

core Expect Method Identities Positives Gaps o %

708 bits(1827) 0.0 Compositional matrix adjust. 341/341(100% 0/341(0%) Identical Proteins - Identical

proteins to SBUO_A

Query STPDAVDKYLETPGDENEHAHFOKAKERLEAKHRERMSOVMREWEEAERQAmLPKADKK 429
STPDAVDKYLETPGDENEHAHFQKAKERL EAKHRERMSQVMREWE EAERQAKNL PKADKK

Sbjct 2 STPDAVDKYLETPGDENEHAHFOKAKERLEAKHRERMSQVMREWEEAERQAKN LPKADKK 61

Query 430 AVIQHFQEKVESLEQEAANERQQLVETHMARVEAMLNDRRRLALENYITALQAVPPRPRH 489
AVIQHFQEKVESLEQEAANERQQLVETHMARVEAMLNDRRRLALENYITALQAVPPRPRH

Sbjct 62  AVIQHFQEKVESLEQEAANERQQLVETHMARVEAMLNDRRRLALENYITALQAVPPRPRH 121

Query 490 VFNMLKKYVRAEQKDRQHTLKHFEHVRMVDPKKAAQIRSQVMTHLRVIYERMNQSLSLLY 549
VENMLKKYVRAEQKDRQHTLKHFEHVRMVDPKKAAQIRSQVMTHLRVIYERMNQSLSLLY

Sbjct 122  VFNMLKKYVRAEQKDRQHTLKHFEHVRMVDPKKAAQIRSQVMTHLRVIYERMNQSLSLLY 181

Query 550 NVPAVAEEIQDEVDELLQKEQNYSDDVLANMISEPRISYGNDALMPSLTETKTTVELLPV 609
NVPAVAEEIQDEVDELLQKEQNYSDDVLANMISEPRISYGNDALMPSLTETKTTVELLPV

Sbjct 182 NVPAVAEEIQDEVDELLQKEQNYSDDVLANMISEPRISYGNDALMPSLTETKTTVELLPV 241

Query 610 NGEFSLDDLQPWHSFGADSVPANTENEVEPVDARPAADRGLTTRPGSGLTNIKTEEISEV 669
NGEFSLDDLQPWHSFGADSVPANTENEVEPVDARPAADRGL TTRPGSGLTNIKTEEISEV

Sbjct 242 NGEFSLDDLQPWHSFGADSVPANTENEVEPVDARPAADRGLTTRPGSGLTNIKTEEISEV 301

Query 670 KMDAEFRHDSGYEVHHQKLVFFAEDVGSNKGAIIGLMVGGV

KMDAEFRHDSGYEVHHQKLVFFAEDVGSNKGAIIGLMVGGV
Sbjct 302 KMDAEFRHDSGYEVHHQKLVFFAEDVGSNKGAIIGLMVGGV 342

Checking through the alignments allows identification of the regions of the
searched protein that are present within a structure and therefore choice of a
structure that will cover the region of interest from the antisense peptide BLAST
results. The protein encoded by NP_000475.1 is the 770 amino acid amyloid
precursor protein. From the alignment’s information above the A receptor
molecule with a sequence ID 5BUO_A (circled in red) has a region similar to the
NP_000475.1. The results show that the NP_000475.1 residues 370 — 710
(circled in blue) are 100% identical (Positives circled in blue) to the 5BUO_A
residues 2-342.

Clicking on the 5BUO_A link (circled in red) will go to information about the
protein, which also contains links to the PDB files (circled in red below):

Protein Protein ] {Searchi]

Advanced Help
GenPepte Send to: ~
Change region shown o
Chain A, Amyloid beta A4 protein
PDB: 5BUO_A Analyze this sequence
Identical Proteins FASTA  Graphics Run BLAST
Identify Conserved Domains

Goto: (v)

Highlight Sequence Features
Locus 5BU0_A 342 aa linear PRI 01-DEC-2020 o
DEFINITION Chain A, Amyloid beta A4 protein. Find in this Sequence

ACCESSION  5BUO_A
VERSION 5BUO_A

DBSOURCE pdb: molecule 5BUO, chain A, release Jul 28, 2016; - — -
deposition: Jun 4, 2015; Protein 3D Structure
class: Metal Transport; A Receptor Molecule
source: Mmdb_id: 141110, Pdb_id 1: 5BUO; PDB: 5BUO
Exp. method: X-Ray Diffraction. Source: Homo sapiens
KEYWORDS . Method: X-Ray Diffraction
SOURCE Homo sapiens (human) Resolution: 2.31 A
ORGANISM Homo sapiens
Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;

Mammalia; Eutheria; Euarchontoglires; Primates; Haplorrhini;
Catarrhini; Hominidae; Homo.
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For many of the protein entries similar links to structures are available in the
NCBI protein database (https://www.ncbi.nim.nih.gov/protein/), often with
links to multiple structures. The BLAST search detailed above is a simple way of
selecting an appropriate structure that covers a region of interest.

Clicking on the link for the Protein 3D Structure (circled in red above) will go to
the structure file. Within this file there is an option to download the PDB file
(see link circled in red below) which can then be saved for use in protein
modelling as detailed in sections 9 pages 52-55 below:

& www.ncbi.nim.nih.gov/Structure/mmdb/mmdbsrv.cgi?Dopt=s&uid=141110 ¢ ﬂ] + @

= NCBI Structure Summary
Morlrd MMDB

5BUO: A Receptor Molecule

PDB ID: 5BUO  Download | (§

Citation: @ MMDB ID: g

PDB Deposition Date: 2015/6/4 @
Updated in MMDB: 2016/08 @ B
Experimental Method: x-ray diffraction &

No citation for this structure.

Resolution: 2.31
Source Organism: Homo sapiens
Similar Structures: VAST+ @

Download sequence data | @

Biological Unit Asymmetric Unit 2

Biological Unit for 5BUO: dimeric; determined by author and by software (PISA) @
Molecular Graphic

Drag symbols to move
Double click symbols to explore molecules
Show chemicalsg

Download Stucture Data ?

(8¢c) The ZDock molecular modelling software uses PDB files from an individual target
protein and suggested interacting protein. The key pieces of information from
the antisense peptide BLAST searches required to aid the molecular modelling
are the residue number information contained within the results tables
generated in section 7e (page 39). The residues of the target protein (in this
example amyloid-B residues 32-7) involved in binding and the residues of the
interacting protein (in this example NP_073739.3 - 3'-5' RNA helicase YTHDC2
isoform 1 residues 698-723) from the BLAST search results:

Human Protein that | Protein ID Size | Residues AR % ID % +ve % Gaps % MR
theoretically residues

binds(human ARY

6—5' RNA helicase) LNP_073739.3) 1430 | (698-723) 32-7 35 50 0 46
YTHDC2 isoform 1

3'-5" RNA helicase | NP_001332904.1 | 1268 536-561 32-7 35 50 0 46
YTHDC2 isoform 2

3'-5" RNA helicase | NP_001332905.1 | 1130 | 398-423 32-7 35 50 ] 46

YTHDC2 isoform 3
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A BLAST search as described in section 8b (pages 40-42 above) for the
NP_073739.3 sequence corresponding to isoform 1 of the 3’-5’ RNA helicase
YTHDC2 sequence which interacts with AB (see table in 8c, page 42 above)
identified two structures derived from the YTHDC2 sequence. These structures
6K6U  (https://www.ncbi.nlm.nih.gov/Structure/pdb/6K6U)  and  2YU6
(https://www.ncbi.nlm.nih.gov/Structure/pdb/2YU6) which both cover a
structure representing the YTH domain which corresponds to residues 1288-
1421 of isoform 1 of the 3’-5" RNA helicase YTHDC2 sequence. This region of
3'-5"RNA helicase YTHDC2 is outside the proposed 698-723 region of interaction
with AB and therefore modelling using these models is not possible. There are
PDB structures for other proteins which do show similarity to the appropriate
region of YTHDC2 (698-723), but they are not identical proteins.

For protein sequences, like the 3-5 RNA helicase YTHDC2 698-723 region,
where no PDB file is available a predicted protein structure can be created, using
the I-Tasser website (https://zhanglab.ccmb.med.umich.edu/I-TASSER/).
Protein sequences of 10-1500 amino acids can be entered and have a predicted
structure created. There are also options to specify related known structure files
as templates if these are available, with details in the dropdown Option menus.
The site requires registration as a user, using an academic email address, and
download links to the created files will be sent via email.

PDB file information can be obtained from a number of sources, the RSCB
Protein Databank (https://www.rcsb.org) is the preferred choice and contains
validated structural information. Structures can also be obtained from the NCBI
protein database (https://www.ncbi.nim.nih.gov/protein/), the UniProt protein
database (https://www.uniprot.org), or the Model Archive
(https://www.modelarchive.org).

Where structures for a protein are only available in the crystallographic
information file (CIF) or macromolecular CIF (mmCIF) formats, which download
as "name.cif” files these can be converted to PDB format using the PDBx/mmCIF
conversion service (https://mmocif.pdbj.org/converter/index.php?l=en).

For many structural models the PDB files contain multiple protein chains from
one or more proteins. The PDB file for human catalase (PDB 1DGH;
https://www.rcsb.org/structure/1DGH) has four catalase chains as the
biologically active enzyme exists as a tetramer of the molecule (Putnam et al.,
2000).

An example of a structure with more than one protein type is the structure of
the human interferon alpha-2 in complex with human interferon alpha/beta
receptor 2 PDB file 3S9D, http://www.rcsb.org/structure/3s9d). The structure
comprises two human interferon alpha-2 chains (A & C) in complex with two
human interferon alpha/beta receptor 2 chains (B & D):
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RCSB PDB Deposit - Search -~ Visualize ~ Analyze - Download ~ Learn - More - Documentation ~

Macromolecules

Find similar proteins by: = Sequence - | (by identity cutoff) | Structure

Entity ID: 1

Molecule Chains Sequence Length Organism Details Image

Interferon alpha-2 AC 168 Homo sapiens Mutation(s): 3 @ W S
Gene Names: IFNA2 B2
, IENA2A, IFNA2B, | %E:;
FNA2C ¥

Find proteins for P01563 (Homo sapiens) Explore e Go to UniProtKB:

NIH Common Fund Data Resources

PHAROS: [EH GTEx: 5

Protein Feature View Expand

Reference
Sequence 3S9D_1

PDB ENTITY 3S9D_1
UNIPROT ALIGN P... SR = PP [PABBMIGTF
UNMODELED A
UNMODELED C
ARTIFACT| m
MUTATION

Find similar proteins by: ' Sequence -~ | (by identity cutoff) | Structure

Entity ID: 2
Molecule Chains Sequence Length Organism Details Image
Interferon alpha/beta B, D 199 Homo sapiens Mutation(s): 0 @ Mg
receptor 2 Gene Names: IFNA \\\
R2, IFNABR, IFNAR %
B
Find proteins for P48551 (Homo sapiens) Explore | P48551 | @ Go to UniProtKB:
NIH Common Fund Data Resources
PHAROS: [[Z1EC0
Protein Feature View Expand

(8h) An important feature of PDB files that must be checked is the numbering of
residues. PDB files are derived from structural information obtained using
purified proteins, which may represent fragments of the whole molecule or post-
translationally modified proteins and may therefore lack regions cleaved as part
of this process. Details of how PDB files are derived is available from
https://pdb101.rcsb.org/learn/guide-to-understanding-pdb-data/methods-for-
determining-structure. Often the PDB residue numbering differs from the NCBI
or Uniprot residue numbering. Structures are often analysed after removal of
signal sequences and some have other regions modified. In the following
example the 3S9D_A chain described above will be used. It is important to check
the sequence numbering of the PDB chain against the NCBI chain identified in
BLAST searches described above (see section 6 pages 20-30 and section 7
pages 31-39 above). In this example the A chain information can be found at
http://www.rcsb.org/structure/3s9d.
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Selecting the Interferon alpha-2 A chain (circled in red) will access information
about that specific chain:

RCSB PDB Deposit - Search - Visualize ~ Analyze - Download - Learn - More - Documentation ~

Macromolecules

Find similar proteins by: = Sequence - | (by identity cutoff) | Structure

Entity ID: 1

Molecule Chains Sequence Length Organism Details Image

Interferon alpha-2 168 Homo sapiens Mutation(s): 3 @
Gene Names: IFNA2 ) .;-\
, IFNA2A, IFNA2B, | 3%¢
FNA2C .

P

In this example the sequence comparison is between the Interferon alpha-2 A
chain and the Uniprot P01563 file (https://www.uniprot.org/uniprot/P01563),
circled in red. This sequence corresponds to the NCBI P01563 file
(https://www.ncbi.nlm.nih.gov/protein/P01563/). Selecting the K residue
highlighted with a red dot (see blue arrow on diagram) on the Uniprot P01563
line of the information brings up numbering information for that specific residue
(circled in blue) and compares the Uniprot numbering with the PDB model
numbering, selecting any residue in the sequence would have the same effect:

Structure Summary 3D View Annotations Experiment Sequence Genome Versions

359D
binary complex between IFNa2 and IFNAR2

INSTANCE

A

Interferon alpha-2 - Homo sapiens View Features in 3D IRESIDUE | Position: 26 NIF € € I

PDB INSTANCE A ADPCDLPQTHSLGSRRTLMLLAQMRRISLFSCLKDRHDFGFPQEEFGNQFOQKAETIP =
UNIPROT ALIGN P01563 COLPOTHSLGSRRTLMLLAOMRKISLFSCLKDRHDFGFPOQEEFGNQFQKAET I P
HELIX C ] 2

UNMODELED
ZERO OCCUPANCY ATOM
ROTAMER OUTLIER °
RSRZ OUTUER ° PY

The numbering in the blue circled box shows that residue 26 of the model
corresponds to the Uniprot P01563 number of 46 (the author of the model used
a slightly different numbering scheme starting at -2, which results in an author
residue number of 23 for this residue and this numbering shows when using
structure viewers (see section 8i, page 46 below). As such if a BLAST search
had suggested that residues 50-65 of the Interferon alpha-2 interacted with
another protein when selecting these residues on this model they would
correspond to residues 30-45 (or author residues 27-42). It often easier to select
residues based on a sequence rather than numbers. In this example the
sequence would correspond to FSCLKDRHDFGFPQEE. Such sequence
information can be found in the results downloaded from BLAST searches if they
show similarity to either the AS35CN, AS35NC, AS53CN or AS53NC sequences
(see section 6d (iii) Alignments and (iv) Text file on pages 22-23 above, labelled
as Sbjct) or they can be found in the SNC sequence of the target protein using
the protein id link detailed in section 2b, page 7 above).
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(8i)  Within the ZDock modelling software (see section 9 pages 52-55 below) it is not
possible to select different chains from uploaded files and therefore all protein
chains within a model will be modelled. As part of the modelling, it may be
preferable to create a PDB file with only a single chain within it (or even part of
a chain). The PDB files can be viewed and edited using the iCn3D protein
structure viewer (https://www.ncbi.nlm.nih.gov/Structure/icn3d/full.html) as
described by Wang et al., (2020). See Help Doc (circled in red) and Selection
Hints (circled in blue).

File Select View Style Color Analysis Help
About iCn3D 2.19.4

(erbes

Gallery

Web APIs »
Source Code

Transform Hints »

Selection Hints

(8j) Initially close the “Please input MMDB or PDB” window if it is open and go to
File on the main window. From the File menu select Open file from the
dropdown and then PDB from the second dropdown to upload a saved PDB file:

o0 e < (im] ] nebi.nlm.nih.gov

Analysis Help Show Toolbar Search Seq.  ?

All atoms

MMDB or PDB ID: 1TUP Load

® < T )

File Select View Style Color Analysis Help Show Toolbar Search Seq. ?
All atoms
Retriev |

Realign Selectioni Mol2 File

Note: Several PDB files could be concatenated
D v & v [ Desktop e Q
PDB File: Choose File 3s9d.pdb @) Recents
A Applicati... B 3s9d.pdb
= Desktop
& iCloud Dri...
J7 Music
[©) Photos
= Movies
3s9d.pdb
® Purple Document - 492 KB
Yellow Information how M
Created Today, 10:47
® Red
® Orange Cancel Choose for Upload
........... A
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(8k) Having chosen the PDB file (3s9d.pdb in this example) click on the load (circled
in red):

Select View Style Color Analysis Help Show Toolbar Search Seq. | ?
All atoms

Note: Several PDB files could be concatenated into a single PDB file. Use the line "TENDMDL" to separate PDB files.

POB Fie: Choose File 359d.pdb

The initial view of the uploaded structure will look as follows:

File Select View Style Color Analysis Help Show Toolbar Search Seq. 2
All atoms

PDB ID : BINARY COMPLEX BETWEEN IFNA2 AND IFNAR2

Selecting Analysis (circled in red) and “Defined Sets” (circled in blue) from the
dropdown menu will result in the appearance of a box listing the chains of the
PDB file (outlined in blue on the RHS).

Defined Sets:

PDB ID : BINARY COMPLEX BETWEEN IFNA2 AND IFNAR

359D_8

4

Delete Selected Sets

Set Operations: + A

The Defined Sets correspond to the different chains of the structure. In this
example the 3S9D_A and 3S9D_C correspond to the Interferon alpha-2 A and
C chains, whilst the 3S9D_B and 3S9D_D correspond to the Interferon
alpha/beta receptor 2 B and D chains (see section 8g; page 44 above).

For this example, the 3S9D_A chain will be selected (corresponding to the one
of the Interferon alpha-2 molecules, represented by the A chain in the 359D
model - http://www.rcsb.org/structure/3s9d). By clicking on the selected chain
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(80)

EUrO:

(circled in red) followed by the View menu (circled in red) and then the “View
only selection” option in the dropdown menu (circled in blue) only the A chain,
will be visible — the pink chain in this model:

File Select D Analysis Help Show Toolbar Search Seq. ?

Delete Selected Sets

Set Operations: + 4

Files uploaded into  the iCn3D protein structure  viewer
(https://www.ncbi.nlm.nih.gov/Structure/icn3d/full.html) can be further
modified by selecting specific parts of chains to create a representation of a
specific region. If this option is not required proceed straight to section 8m on
page 49 below.

After closing the “Select Sets” window selecting the Analysis (circled in red)
followed by “View Sequences & Annotations” from the dropdown menu (circled
in blue) will bring up a box showing the chain information. Selecting the
“Details” tab in this box (circled in red) will bring up the sequence details:

Show Toolbar Searchsea. 2

Defined Sets %
summary |(octats |

H-Bonds

& Interactions Annotations:

Bring to Front» Al Conserved Domains ~ ClinVar Functional Sites
Mutation Custom 3D Domains SNPs Interactions

Disulfide Bonds  Cross-Linkages
DelPhi Potential WSS9 s

Load PQR/Phi> Show All Chains

Download PQR

+ Selection: Name: seq_1 Save Clear

Distance

Surface Area

Label» .

Proteins:

Label Scale>

Annotations of 389D_A:  AddTrack  Custom Color/Tube  Helix Sets  Sheet Sets Coil Sets

Chem. Binding > 0 i1 10 20 W2 30 40

Disulfide Bonds » P
Protein 339D_A 2 adpcdlpqthSLGSRRTLML

Cross-Linkages »

The protein sequence for the model is highlighted in Yellow at the bottom of
the “Details” window. Scrolling across this allows the area of interest to be
found, in this case the "FSCLKDRHDFGFPQEE" sequence detailed in section 8h
above on page 45. Clicking on the F at the start of this sequence and dragging
across to the E at the end allows that specific sequence to be selected and the
residues will also be highlighted in yellow on the pink image to the left:
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AEUrO;
File Select View Analysis Help Show Toolbar SearchSea. ?
ClinVar Functional Sit
SNP: Interactions
Bon
yyyyy
N seq9 S cl
f3S9D_A Add Track Custom Color/Tube Helix Sets  Sheet Sets  Coil Sets
H1 10 H2 30 40 H3 50
AN\NNNNANAN W AAYAY VAYAY
\ Protein 359D_A 2 h MLLA ISLF K FPQEEFgnqfqka

Selecting “View" (circled in red) in the main window followed by “View Selection
Only” (circled in blue) in the dropdown menu will result in an image of just the
selected structure components:

BINARY COMPLEX BE > een AND IFNAR2

f3S9D_A: AddTrack  Custom Color/Tube  Helix Sets Sheet Sets Coil Sets
H1 10 20 2 30 Y s
\ Protein 3S9D_A 2 h RT A AQMR F E gnqfqgka

(8m) Clicking on the File (circled in red) followed by “Save Files” (circled in blue) in
the first dropdown menu, followed by PDB (circled in blue) in the second
dropdown menu will result in the download of a new PDB with just the selected
chain or parts of a chain information within the file:

File Select View Analysis Help Show Toolbar
Retrieve by ID»
Open File »
Align »

INARY COMPLEX BETWEEN IFNA2 AND IFNAR2

& iCn3D PNG Image »
hare Linl State File

Replay Each Step  Selection File

Residue Counts
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The downloaded file can be renamed from “custom_icn3d.pdb” to an
appropriate name, for example 3S9D_A_chain or 3S9D_A_binding_site. The
saved PDB file can be used for modelling interactions in the ZDock program as
described in section 9 (pages 52-55 below).

(8n) The ZDock program uses two PDB files and has a specific requirement that the
chains of each protein within the PDB file have different labels. If there are two
A chains these will be merged in the resultant comparison model and this will
affect the analysis and production of images.

For an example, the catalase PDB 1F4] (https://www.rcsb.org/structure/1F4J)
and the amyloid-B PDB 5AEF (https://www.rcsb.org/structure/5AEF) could be
used as source PDB files, based on the interaction between human catalase and
amyloid-B (Milton et al., 2001). The catalase PDB 1F4] file represents a tetramer
of 4 chains labelled A, B, C and D. The amyloid-8 PDB 5AEF file represents a
dimer of 2 chains labelled A and B. If when the PDB files were prepared as
detailed above resulting in one PDB containing the catalase A chain
(1F4J_chain_A) and one PDB containing the amyloid-B A chain (5AEF_chain_A)
this would create problems in the ZDock modelling (see section 9 pages 52-55
below).

To overcome these problems of PDB files containing the same chain labels the
renaming chains website (http://www.canoz.com/sdh/renamepdbchain.pl) can
be used. After opening the site files can be directly loaded (circled in red), for
this example the 1F4]_chain_A is used to rename the chain A:

RENAME CHAIN IN PDB FILE

‘ D v & v [&@ Downloads B8 Q
@ Recents
fyiapplicati:s 1f4j_chain_A.pdb
Desk: 1f4j.pdb
Please provide a PDB file with the chain id in column 2 (=) Deskiop 3D "
Upload the PDB file from your computer. R 5aef_chain_A.pdb

Please note that this PDB file is not validated, so make Saef.pdb
Choose File §o file selected ™ iCloud Dri...

or

Enter the PDB file contents here J1 Music

Please note that these PDB file contents are not @) Photos

= Movies

5aef_chain_A.pdb
® Purple Document - 44 KB
(Provide either a file or enter the contents here, |
If both provided, then contents here will be proce Yellow

® Red

Rename chain to (mandatory field) ® Orange Cancel Choose for Upload

~ . PR RPN Olmnortant

Information Show Mor
Today, 12:45

In the “Rename chain to” option box the new chain label name is entered, in
this case B (circled in blue), the “Write results to output file” option (circled in
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red) is selected, and the “Upload” button (circled in red) then clicked to
download a file called “renamepdbchain.pl”:

Please provide a PDB file with the chain id in column 22.
Upload the PDB file from your computer.
Please note that this PDB file is not validated, so make sure that it is a valid PDB file.

Choose File 1f4j_chain_A.pdb

or

Enter the PDB file contents here.
Please note that these PDB file contents are not validated, so make sure that they are valid PDB file contents.

(Provide either a file or enter the contents here, not both.
If both provided, then contents here will be processed instead of uploaded file.)

IRename chainto: g (mandatory ﬁeld)l

Only rename chain : (optional field)

Line from : (optional field)

Lineto: (optional field)

Display re on een
© Write results to output file

The “renamepdbchain.pl” file can be renamed, for example 1F4J_chain_B, and
then be used in ZDock analysis (see section 9 pages 52-55 below).
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9: ZDock protein-protein
interaction modelling

(9a) The ZDock protein docking program (http://zdock.umassmed.edu), see Pierce
et al,, (2011 & 2014), uses PDB structure files from two proteins to determine
a model structure for two proteins binding each other. Launching the ZDock
protein docking program (http://zdock.umassmed.edu) goes to a window where
the PDB Files can be uploaded. The ZDock system requires an academic or
registered non-profit email address for non-commercial access. The email
address should be entered and a link to the files generated by ZDock will be
sent to this address. Leave the select ZDock version as the default that is
showing (in this case ZDock 3.02 — which is the latest version). The dropdown
menu (circled in red) next to the Input Protein 1 or 2 is used to select PDB files
that can be uploaded (make sure the PDB File is ticked and highlighted blue.
The Choose File tab (circled in blue) should then be clicked:

rahywwesliN\ i ¥V i

ZDOCK M-ZDOCK  Help  Tools References

Input Protein 1 POBFie B no file selected

Input Protein2 | v#os0 3

Enter your email: info@neurodelta.uk

Optional:
lect ZDOCK version  Z00CK 30.2 4

For this example, the catalase PDB file for 1F4]_chain_B and the amyloid-B PDB
5AEF_chain_A have been uploaded:

rdslalal’é M-ZDNCkK Haln Tanle Refaranrac

v & v & Downloads 8 a
) Recents

& Applicati.. 1f4j_chain_B.pdb

(=) Desktop B S5aef_chain_A.pdb

iCloud Dri...

® Purple

Yellow
® Red | —
9 O Saef_chain_A.pdb
Important v A K
@ Blue Information
@® Green Today, 12:45

Work Cancel Choose for Upload

Home

Once both files have been uploaded click Submit (circled in red):
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ZDOCK

M-ZDOCK Help Tools

References

Input Protein 1
Input Protein 2

Enter your email: info@neurodelta.uk
Optional:
lect ZD version  ZDOCK 3.0.2

Skip residue selection

PDBFile @ Choose File 5aef_ch..._A.pdb

PDBFile @ Choose File 1f4j_ch..._B.pdb

The next stage is to select the residues that are to be part of the binding site.
These are the residues from the BLAST search results file plus the additional
sequence information see Table in section 7e above (page 39; how these results
can be obtained is fully detailed in sections 6 and 7 pages 20-39 above).

In an example of amyloid-B and catalase the residues selected for the ZDock
predictions are taken from Figure 1a of Milton et a/.,, 2001. The residues thought
to interact based on a BLAST search are amyloid-B 31-40 (circled in red for
5AEF_chain_A) and human erythrocyte catalase 400-409 (circled in red for
1F4]_chain_B). These residues are selected under “Select Binding Site
Residues” on the ZDock server:

ZDOCK M-ZDOCK Help Tools

References

5aef_chain_A.pdb
jo not have Java applets enabled in your
browser, or your browser is blocking this
applet.

: the warning message from your browser

and/or enable Java applets in
eb browser preferences, or install the Java
1itime Environment from www.java.com

®@Spin

Both files have been successfully uploaded.

Pick Contact and Blocking Residues

Select Residues to Block from the Binding Site:

5aef_chain_A.pdb 1f4j_chain_B.pdb.pl
15 Chain A GLN 24 Chain B ALA l
16 Chain A LYS 25 Chain B ASP

17 Chain A LEU 26 Chain B VAL

18 Chain A VAL 27 Chain B LEU

19 Chain A PHE 28 Chain B THR

20 Chain A PHE 29 Chain B THR

21 Chain A ALA 30 Chain B GLY

22 Chain A GLU 31 Chain B ALA

23 Chain A ASP 32 Chain B GLY

24 Chain A VAL 33 Chain B ASN

|Select Binding Site Residues:|

1f4j_chain_B.p

31 Chain A ILE
32 Chain A ILE
33 Chain A GLY
34 Chain A LEU
35 Chain A MET

36 Chain A VAL
37 Chain A GLY
38 Chain A GLY
39 Chain A VAL
40 Chain A VAL

409 Chain B PHE

Hb.pl

1f4j_chain_B.pdb.pl

You do not have Java applets enabled in your
web browser, or your browser is blocking this
applet.

Check the warning message from your browser
and/or enable Java applets in
your web browser preferences, or install the Java
Runtime Environment from www.java.com

After clicking the “"Submit” button at the bottom of the page the option to check
the selected residues before final submission to ZDock is available.
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9 0 Not Secure — zdock.umassmed.edu

ZDOCK M-ZDOCK Help Tools  References

You have selected these residues to block and contact

To Contact in 5aef_chain_A.pdb: To Block in 5aef_chain_A.pdb:

31 Chain A ILE

32 Chain A ILE none
33 Chain A GLY

34 Chain A LEU

35 Chain A MET

36 Chain A VAL

37 Chain A GLY

38 Chain A GLY

39 Chain A VAL

40 Chain A VAL

To Contact in 1f4j_chain_B.pdb.pl: To Block in 1f4j_chain_B.pdb.pl:

400 Chain B GLY
401 Chain B ALA none
402 Chain B PRO
403 Chain B ASN
404 Chain B TYR
405 Chain B TYR
406 Chain B PRO
407 Chain B ASN
408 Chain B SER
409 Chain B PHE

After final submission to ZDock a notification will appear detailing the sending
of results via email and the average wait time for receipt of the results.

ZDOCK M-ZDOCK Help Tools  References

You will receive two emails: The first will be a confirmation of your submission and the second will be the results of ZDOCK.

AVERAGE WAIT TIME IS: 00:08:11 (HH:MM:SS)

A receipt email from ZDock Server, followed by second email with a link to the
results will then be sent to the address provided (check junk email folder if not
received). The job number (in this example 227329 should be noted and linked
to the submitted PDB file information for future review):
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0 Hd 60 5 Inbox « Work Email
Home  Organise Tools
i J [} = &
=, 5 557 [ [ vestns e Qe TR o
= @] = S B ™ St~ = R !
New  New Delete Archive  Reply Reply Forward Move  Junk  Rules Read/Unread Categorise Follow Filter Send & Get S
Email  ltems to All £ Attachment Up Emails [B] Address Book Receive  Add-ins O
’ Favourites . i v 2
By:DateReceived v ¢+ ZDOCK Server results for job 227329
~ Work Email Today
ZDOCK Server <zdock@umassmed.edu>
£ Inbox ZDOCK Server s B Kotk
R ton, Na

[ Drafts ZDOCK Server results for job 227329 15117 ? )

- Caution External Mail: Do not click any links or o...

=7 Archive Caution External Mail: Do not click any links or open any attachments unless you trust the sender and know that the cont:

> sent ZDOCK Servelj iy Your ZDOCK Server job has completed.

Yy ZDOCK Server job 227329 confirmation 16:15 The ZDOCK output and PDB files can be retrieved from the following URL: https://eur02 safelinks protection.outlook co

Il Deleted Items Caution External Mail: Do not click any links or o url=http%3A%2F%2Fzdock edu%2Fresults%2Fbf 77d%2F: 267C01%7Cn.g.mill I

(9b) The link in the email is for the website results where the ZDock Output, Receptor
PDB, Ligand PDB and Top 10 Predictions files should all be downloaded. In this
example the Receptor PDB corresponds to amyloid-B (5AEF chain A) and the

Ligand PDB corresponds to catalase (1F4] chain B). The predictions are for the
interaction between these two proteins.

ZDOCK M-ZDOCK Help Tools  References

Contact filtering removed 1989 predictions out of 2000 from the ZDOCK output file.

Download Files

Get prediction number:
ZDOCK Output
Receptor PDB
Ligand PDB Gat
Top 10 Predictions

The top 10 predictions file will be downloaded as a Zip file which should be
extracted and will give a folder labelled top_preds containing up to 10 files

labelled complex1.pdb, complex2.pdb etc, which should be saved along with
the other downloaded files in a suitable folder.
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10: iCn3D protein-protein interaction
data extraction

(10a) The top 10 prediction PDB files from the ZDock analysis (see section 9b; page
55 above) can also be viewed and modified using the iCn3D protein structure
viewer (https://www.ncbi.nlm.nih.gov/Structure/icn3d/full.html) as described in
section 8i (above; page 46). The complex1.pdb file should be selected at first
from the folder containing the downloaded ZDock files. This complexl.pdb
contains the predicted complex between the two proteins with the highest
ZDock score (see Help and References on the ZDock site,
http://zdock.umassmed.edu).

ncbi.nim.nih.gov

File Select View Style Cae o~ iy top_preds ]
PO == complex.2.pdb
_ A =% complex.3.pdb
7 [ Website ==+ complex.4.pdb
- = | B Hecents =% complex.5.pdb -
Note: Several PDB files could be concatenated into a single PDB file. Use the line "ENDN == complex.6.pdb
A\ Applications =% complex.7.pdb ==
PDB File: Choose File complex.1.pdb Load 5 Desktop &+ complex.8.pdb

Amnlav O ndk

After selecting load a structure image should appear (these can take time to
load).
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(10b) Selecting the Analysis tab followed by the View sequences and annotations in
the dropdown allows viewing of some of the information about the displayed
structure.

9 ncbi.nim.nih.gov

View Style Color Help Show Toolbar Search Seq. | ?

All atoms

Within the Sequences and Annotations window that appears selecting the
details tab (circled in red) allows the residues of interest to be highlighted by
clicking and dragging over the region from the first to the last residue of interest
— in this example derived from Figure 1a of Milton et a/., 2001 the IIGLMGGVV
sequence that corresponds to the 31-40 residues of amyloid-B in Protein stru_A
has been selected which is then highlighted in yellow. The region selected also
shows as a yellow selection on the model. By doing the same for each protein,
in this case selecting the GAPNYYPNSF sequence that corresponds to the
residues 400-409 of catalase in Protein stru_B, it is possible to view how close
the BLAST search sequence interactions from the results (for example see Table
in 9a page 42 above). Selecting the Interactions box (circled in blue) shows the
residues within the displayed model that interact.

Show All Chains

+ Selection: Name: seq_1 Save Clear

For comparison the image for complex3.pdb shows much closer alignment of
the amyloid-B 31-40 and catalase 400-409 highlighted sequences but also
shows considerably fewer residues interacting (see text in the Interact.B
and Interact.A lines in the image above (complexl.pdb) and image below
(complex3.pdb). In these examples for amyloid-B (11 residues for complex3.pdb
and 20 residues for complex1.pdb) and catalase (8 residues for complex3.pdb
and 25 residues for complex1.pdb). The lower the complex nhumber the more
valid the model is in terms of the ZDock algorithm scoring, even if this may not
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be as close to the predicted alignment from the antisense similarities used to
suggest the interaction.

Summary

Annotations:
Al @ Conserved Domains ClinVar Functional Sites

Custom 3D Domains SNPs
Disulfide Bonds |~ |Cross-Linkages
Show All Chains

+ Selection: Name: seq 1 Save Clear

Proteins:

Annotations of stru_A: Add Track Custom Color/Tube Helix Sets  Sheet Sets  Coil Sets
20 30 40

Protein stru_A 15 QKLVFFAEDVGSNKGAI LMVGGVV IA 42
Interact .B (prot... fTRe8 - - - - v cccncencren IGLMVGGVV I A 11 Residues

Annotations of stru_B:  Add Track Custom Color/Tube Helix Sets  Sheet Sets  Coil Sets
30 40 50 60

Protein stru_B 25 DVLTTGAGNPVGDKLNVITVGPRGPLLVQDVVFTDEM,
Interact .A (prot... BRES -~ <=+ ccceccecncecncacenaccceneeennnn-=

(10c) By selecting the download feature in the Sequences and Annotations window
(circled in red) an html file containing the interactions information is downloaded
and can be saved to the folder with the downloaded ZDock files.

o

| Summary Details

Annotations:
All # Conserved Domains ClinVar Functional Sites

Custom 3D Domains SNPs Interactions

Disulfide Bonds Cross-Linkages

Show All Chains

(10d) Selecting the Analysis tab followed by the H-Bonds & Interactions in the
dropdown allows viewing of some of the information about the interactions
between the two proteins in the displayed structure.

File Select View Style Color W delp Show Toolbar Search S
All atoms

View Sequences
& Annotations

Defined Sets

ng to Front»

This will bring up a new window entitled “"Hydrogen Bonds/Interactions between
two sets of atoms:

Bioinformatics Protocols (© 7 NeuroDelta Ltd) 59



File Select View Style Color Analysis Help Show Toolbar Search §
All atoms

1. Choose interaction types and their thresholds:
2Hydrogen Bonds 3.8 [ A @Salt Bridge/lonic 6 KJA ' # Contacts/Interactions [’! 4 KA )
@Halogen Bonds ll 38 [J A @n-Cation ] 6 [JA @n-stackingll BHA

2. Select the first set: 3. Select the second set:

proteins proteins

st st
stru_A m

stro=®

E 2

4 4

4 3D Display Interactions

Highlight Interactions in Table Sort Interactions on: Set 2

2D Interaction Network = % show interactions between two lines of residue nodes

Il

2D Interaction Map b show interactions as map

2D Graph (Force-Directed) Jto show interactions with strength parameters in 0-200:
Helix or Sheet: 100 Coil or Nucleotide: 50 Disulfide Bonds: 50
Hydrogen Bonds: 50 Salt Bridge/lonic: 50 Contacts: 25
Halogen Bonds: 50 m-Cation: 50 m-Stacking: 50

(Note: you can also adjust thresholds at #1 to add/remove interactions.)

Buried Surface Area

.nd select new sets

o

Within this window all the options are selected by default in part 1 “Choose
interaction types and their thresholds”. If for example only the
Contacts/Interactions option had been ticked in the following parts the data for
the other interactions would not be included.

In part 2 the option to select the first set is given, for this example stru_B could
be selected, which corresponds to the part of the model showing as blue lines
and represents the catalase structure derived from catalase 1F4J PDB file used
in the ZDock comparison (see section 9b, page 55 above).

In part 3 the option to select the second set is given, for this example stru_A
could be selected, which corresponds to the part of the model showing as
lines and represents the amyloid-B structure derived from amyloid-B 5AEF PDB
file used in the ZDock comparison (see section 9b, page 55 above).

Part 4 allows the interactions to be views in a number of ways. The “3D Display

Interactions” highlights the residues from catalase (blue) and amyloid-B (pink)
that interact and shows lines between the interacting amino acids:
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10(e) The “Highlight Interactions in Table” will generate a table of the interactions in
a separate window:

hbonds, salt bridge, i i halogen, pi-cation, pi: ing between Two Sets:
Set 1: stru_B [ Highlight in 3D

Set2:stru_A Highlight in 3D

The interfaces are:
interface_1  Highlight in 3D

interface_2 Highlight in 3D

Note: Each checkbox below selects the corresponding residue. You can click "Save Selection" in the "Select” menu to save the
selection and click on "Highlight" button to clear the checkboxes.

3 hydrogen bond pairs:

Atom 1 Atom 2 Distance (f\) Highlight in 3D
PRO $stru.B:70@N | GLY $stru.A:37@0 3.1 Highlight
ASP $stru.B:396@0 [l ASN $stru.A:27@N il 36 Highlight
SER $stru.B:408@0G [l PHE $stru.A:19@N i 34 Highlight

0 salt bridge/ionic interaction pairs:

By selecting the download feature in the Show Interactions window (circled in
red) an html file containing the interactions information is downloaded and can
be saved to the folder with the downloaded ZDock files.

If the “Sort Interactions on: Set 1” is selected this table will be sorted based on
the stru_B numbering, which corresponds to the part of the model showing as
blue lines and represents the catalase structure derived from catalase 1F4] PDB,
rather than sorted into separate tables for each interaction type. If “Sort
Interactions on: Set 2” is selected the table will be sorted based on the stru_A
numbering, which corresponds to the part of the model showing as lines
and represents the amyloid-B structure derived from 5AEF PDB.
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Hydrogen Bond Salt Bridgeflonic Interaction Contact
#

Bridge # on | #m PRO $siru B:391QCAN | | ILE SstruA31@CG2 Ml [1|35[6.0] Highlight
flonic

#
PRO39T | i
ydrogen $
Bond Cation | Stacking

nnnnnnnnnnn

B [1]28]a0| Hignugnt
B |1|35)6] Higniign:

B [1]37]s2| Higntant

MET392 0 0 4 0 0 0

MET $stru 8:302@50 Il

B |1|3e]os| Hanign

|
cYs393 0 0 1 0 0 0 cs sstuB:393@0 Ml | AsN sstuA27@cs il \‘ a7e2| Higntight

GLN395 0 [) 1 0 0 0 LN sstu8:395@0M | ASN Sstua27@CH [1]as|es| Hightight

AsP Sstru8:396@O0 Wl | ASN SstruA27@N Il 36| Highiight ASP Sstru8:396@O Ml | ASN S

a2r@Nll [1]3s[s2] Higntignt
ASP396 1 0 2 0 |

»\SL‘SvaJw-:«O.‘ SER SsruA26@CAN [1|37]56| Hightignt

AsNssruBas7@N Il | ASN sswuA27@No2 | 1|37]s4 Hightignt
ASN3OT 0 0 2 0 0 |

AsNssrugao7@nozll| T GLy ssua2sacll [1|as|7.4| Hightient

Within a given table the information given the entries detail which atom of a
given amino acid in the chain for amyloid-B interacts with which atom of a given
amino acid in the chain for catalase. In this example the MET $stru.A:35@C and
MET $stru.A:35@N are different atoms from the amyloid-B methionine 35
residue. The ARG $stru.B:363@SD, HIS $stru.B:364@SD, GLY $stru.B:367@CE
and PRO $stru.B:368@CE are different atoms from catalase residues arginine
363, histidine 364, glycine 367 and proline 368. The Min Distance (&) represents
the minimum distance between the atoms and the C-alpha Distance (A)
represents the distance between the C-alpha atoms of each amino acid. The
identified residues can be compared with the BLAST search identified residues
(see section 7e, page 39) and also the table of Molecular Recognition scoring
table (see section 7b, page 31), in this example the amyloid-B Met35 and
catalase His364 would be predicted to interact based on the Molecular
Recognition scoring but not the BLAST search (Milton et a/., 2001).

Atom1 |Atom2|# Contacts | Min Distance (A) |C-a|pha Distance (A) |High|ight in 3D | |

MET $stru.A:35@C il ARG $stru.B:363@SD ] |1]2.8/7.9| Highlight

MET $stru.A:35@N [ HIS $stru.B:364@SD ] |1]3.2|5.1| Highlight
MET35
MET $stru.A:35@N [} GLY $stru.B:367@CE ] [1]3.7|7.0| Highlight

MET $stru.A:35@N [} PRO $stru.B:368@CE ] |1]3.8/9.1| Highlight

10(f) Diagrams of the interactions can also be manipulated and downloaded. By
selecting the Style option for Proteins and or Side Chains the style of the
selected components (in this case the interacting residues can be modified:

Analysis Help Show Toolbar | Search Seq. | ?

« Ribbon
Side Chains » Strand
Nucleotides » Cylinder and Plate
Chemicals » Schematic
lons » C Alpha Trace
Water » Backbone
Set Thickness B-factor Tube
Save Style Lir‘1es
Apply Saved Style Stic
Surface Type » Sphere
Remove Surface Hide
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Resulting in this type of image:

By selecting the View option and View Only Selection, the other parts of the
structure are removed from the image.

View Analysis Help Show Toolbar Search Seq. 2

View Only
Selection

Hide Selection
Zoom in Selection
Center Selection

View Full Structure

Side by Side
Rotate »
Camera»

Fog for Selection |
Slab for Selection
XYZ-axes >

Reset»
Undo
Redo

Full Screen

Using the File, Save Files, iCn3D PNG Image options it is possible to download
an image of the currently displayed screen.

Share Link .a
Replay Each Step _ Selection File

o 8X Large

Examples of downloaded images from the Catalase (blue) Amyloid-B (pink)
interaction showing the full molecular structure plus interacting molecules of the
structure:
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(10g) Other outputs included in the viewer are detailed in the Help Menu (see 10a,
page 56 above). All of these features come with default settings, which can be
modified as required. Links to each of these specific web pages can be
downloaded as described in section 10c on page 58 above.

(i) 2D Interaction Network:

between two lines of residue nodes

Hold Ctrl key to select multiple nodes/lines. =
Green: H-Bonds; Cyan: Salt Bridge/lonic; Grey: contacts
Magenta: Halogen Bonds; Red: 1-Cation; Blue: mr-Stacking

ﬂ] ﬁl JSON | Scale: 1

D65 E67 169 R363 L366 P368 M392 Q395 N397 G400 P406 S408
F64 R66 R68 P70 H364 G367 P391 C393 D396 G399 Y404 N407 F409

L17 F19 A21 G25 N27 131 G33 G37 V39 41
Vi8 F20 D23 S26 A30 132 M35 G38 V40 A42

(i) 2D Interaction Map:

Hold Ctrl key to select multiple nodes. +
SVG | PNG JSONI Scale: 1

F409 @ EE@E

s408 @ D@

N407 @

Psoe @I I

Y404 @ =] 5]

G40 @ =]

G399 @ ]

N397 @ s I = |

D3% @ mm

Q395 @ ]

c393 @ [m]

M392 @ EEE@

P391 @ 5]

P68 @ [}

G367 @ ]

L366 @ m

H364 @ ]

R363 @ |

P70 @ ]

59 @ ] |
R68 @ EE@ |l
E67 @ =] ]
R66 @ 1]
D65 @ (s}
F64 @ =]

0000000000000 00000OCOCO
L17 F19 A21 G25 N27 131 G33 G37 V39 141
V18 F20 D23 S26 A30 132 M35 G38 V40 A42
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(iii) 2D Graph (Force-Directed), which by selecting the Force on Nodes options
(circled in red on the Random version below) can be viewed in different formats:

Random:

Force-directed graph 780

Zoom: mouse wheel; Move: left button;  Select Multiple Nodes: Ctrl Key and drag anArea +
SVG | PNG | JSON | Force on Nodes: Random Label Size: 8px C Internal Edges: Hide .

M35

X-axis:

\l nses_hos N3ok Q395

02
98 G, 00'D39g®

4 e 0,6
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(iv) Buried Surface Area:

Buried solvent accessible surface area in the interface

Calculate solvent accessible surface area in the interface:

Set 1: stru_B, Surface: 24313.62 A2
Set 2: stru_A, Surface: 3803.79 A2
Total Surface: 25953.61 A2

Buried Surface: 2163.80 A2
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11: Protein-protein interaction
Images using EzMol

(11a) Image files can be created by uploading PDB files using the EzMol structure
display (http://www.sbg.bio.ic.ac.uk/ezmol/) as described by Reynolds et al.,
(2018). In Step 1 the PDB file is uploaded.

Not Secure — sbg.bio.ic.ac.uk

®
EzMol — :
21

Favourites

=% complex.2.pdb
%+ complex.3.pdb
5 Website %+ complex.4.pdb

lex.5.pdb
Recents T coniplacp

=% complex.6.pdb
' A Applications %+ complex.7.pdb -
=+ complex.8.pdb

332 Dropbox

1 |

Step 1. Upload

S [7) Desktop ;
You can browse for a PDB file (DN Browse.. ) =+ complex.9.pdb
@ Documents =% complex.10.pdb ;
Or open an EZM file you previously saved in EzMol [{gel\==88 © Downloads
Or enter a 4-letter PDB ID code (e.g. 1CDT) @ OneDrive
iCloud complex.1.pdb
& icloud Drive PDB File - 339 KB
Location Information
By continuing, you agree that you accept the ocations .
Network reate
Disclaimer and Terms and Conditions. Modified

Tans

(11b) In Step 2 the type of display can be selected for each chain (in this example
corresponding to amyloid-B for chain A and catalase for chain B. The options
are cartoon or stick with the ability to display the surface of the molecules.

Step 1. Upload Step 2. Style

Step 5. Side-chains Step 6. Surfaces

Which chains do you want to display?

Backbone style Display
Cartoon  Stick Hide Surface

Chain A @
Chain B ®

Structure Molecule

Bioinformatics Protocols (© 7 NeuroDelta Ltd) 69


http://www.sbg.bio.ic.ac.uk/ezmol/

97
o
».

devrovein
Step 1. Upload Step 2. Style
Step 5. Side-chains Step 6. Surfaces

Which chains do you want to display?

Backbone style Display
Cartoon  Stick Hide Surface

Chain A ®

Chain B

Structure Molecule

Step 1. Upload Step 2. Style

Step 5. Side-chains Step 6. Surfaces

Which chains do you want to display?

Backbone style Display
Struct Mol |
TUEHIE Mainede Cartoon  Stick Hide Surface
Chain A ® 1
Chain B ® 4

(11c) In Step 3 the colours of the displayed structures can be selected for each chain
(in this example corresponding to amyloid-B for chain A and catalase for chain
B. The options allow colour selection for the whole of each chain. In the first

example amyloid-B is selected dark grey for both cartoon and stick colour and
catalase is selected white.

a. Select a background colour

b. Select chain or surface colours

Colour structures Advanced: Cartoon gradients

Select a single solid colour for a chain ribbon or surface, or use a rair

StructureCartoon colour Stick colourSurface colour@

Chain A -

Chain B
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In the second example the surface structure is chosen with amyloid-B selected
as dark grey and catalase selected as white.

a. Select a background colour

b. Select chain or surface colours

Colour structures Advanced: Cartoon gradients

Select a single solid colour for a chain ribbon or surface, or use a rair

StructureCartoon colourStick colourSurface colour@

Chain A -

Chain B

(11d) Step 4 allows selection of different colours for specific residues of the main chain
and cartoon. In the example amyloid-B 31-40 (IIGLMGGVV) have been selected
as red and catalase 400-409 (GAPNYYPNSF) selected as green.

This tab allows you to apply colours to individual or multiple residues on the chains.

Select a colour to paint residues  Select the eraser to hide residues Show 2° structure on Undo 4%

- \ sequence below
Apply by individual residues Apply by secondary structure type Apply by chemical type

Apply the palette colour to the preview image by expanding one of the chains below and then clicking-and-dragging on the target residues.

v Chain A

15 16 17 18|19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42
Q/K|L|V|F|F/IA/IE|ID/V|G|S|N K|G|A|I|I|G|L|M|VIG|G|V|V|I| A

(11e) Step 5 allows the selection different colours for the specific side chains of
residues.

This tab allows you to pick out locations and colours for side chains.

Select a colour for added side chains ~ Select the eraser to hide side chains

s

Apply by individual residues Apply by chemical type

Apply the palette colour to the preview image by expanding one of the chains below and then clicking-and-dragging on the target residues.
» Chain A

v Chain B

25|26 27 28|29 30 31|32 33|34 35 36|37 38|39 40 |41|42 43|44 |45 46 |47 |48 49 50‘51 52
DV L T TGA GNP V GDKL NV I T G PR/ G P|L L|V

v

66|67 6869 70 7172|7374 |75 76|77 |78|79|80|81|82|83 84 |85|86 87|88 |89 90|91 92 93
21
v

107/108/109 110|111 112|113/ 114 115|116 117 | 118|119 /120|121 122|123 124|125 126|127 128 /129|130 131|132/133|134
T T

<0G
§log
gl<a

@
o
2o

WX

=
-
=<

‘ ‘,.G P I AV R|F 'S V A/G E S G S ADT R‘DPRGF‘AV |
Q 148/149/150|151|152|153| 154|155/ 156|157 | 158| 159|160 161|162 163 164|165 166 167|168 169|170 171 172|173 174 175176 177 17
nslate . .

& W oo Rotate N N|T P I F|F I RDP I L F|P S F I HSQaKR/NPQTHLEKHD
\ 189[190 191192 193|194 (195|196 197|198 199| 200|201 202 203204 205|206 207|208 | 209|210| 211|212 213 214 215|216 217|218 21:
\ / R P E|S/L HQV|SF L|FSDRG I|PDGHRHMNGYGSHT

¥ & % 230|231/232(233 234 235/ 236|237 238 | 239 240|241 (242 243 244|245/ 246 247 | 248 249|250 251|252 253 254|255 256 257 | 258 25926
VY C/ K FH YK T DAl I KN L|S/VEDAARLSQEDFPDY

271/272(273(274|275|276| 27| 278| 279| 280 281282 283|284 |285|286|287| 288 289|200/ 291292 293 294 295|296 297|298 | 299|300 30
T/6/K|Y|P|s|W T|/F|Y 1 |a|V|/M[T|F|N|QAE|T F|P|F|IN|P|F|D|L|T K
312{313(314|315 316 317|318(319|320 321 322|323 (324 325 326| 327|328 329 330|331/ 332(333[334 335|336 337|338 339/ 340|341 |34.
P V G KL VL NRINP|VINYFAEVEQI|AFDPSNMEPFP|G
353/354/355(356 | 357 358| 359|360 361|362 363 364|365 366 367|368/ 369|370 371/372|373(374 375 376 377|378 379 380/ 381/ 362|368
G R|/L/F|/A Y/ P D T HR/HR L GPNY LHI|PVNCPYRARYV

394/395|396(397 398|399 410(411(412(413]414/415]416/417 418 419 420|421 |422[423 a2
M/ a/p|N a6 cla/lPlEla @/ P s AL EH[S|I a

3
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(11f) Step 6 allows the selection different colours for the surface structure of residues;
this is preferable to selecting surface colour in step 3 as it shows the chain detail
within the model. In the example again the amyloid-B 31-40 (IIGLMGGVV) have
been selected as red and the catalase 400-409 (GAPNYYPNSF) selected as
green.

Step 5. Side-chains

Step 6. Surfaces Step 7. Labels

Pick out colours and transparencies for surface patches. Due to the requirements of calculating surfaces, this option will not gi'
release to highlight and the resultant surface will then be rendered.

Select a colour for the surface  Select the eraser to hide areas of the surface

Apply by individual residues Apply by scheme

Apply the palette colour to the preview image by expanding one of the chains below and then clicking-and-dragging on the t

~ Chain A

1516 |17 |18 19|20 (21|22 23 |24 | 25|26 |27 | 28 | 29 | 30 [RAMIKVARKIE LRI RICY Qi R R IE 4
Q K L V F F A E DV G SN K G AN

(2]
-
=
<
@
(2}
<
<

(11g) Step 7 allows the insertion of labels where the colour of the background and
label together with the format applies to all the added labels.

Step 5. Side-chains Step 6. Surfaces Step 7. Labels

This tab allows you to label the chain residues. Labels can either be off (white cell) or on (black cell). Click, drag and release to add labels.

Clear all labels Show 2° structure on Undo o

sequence below
v

Label style settings Apply to individual residues

@ One letter code with number e.g. 132

Shrink Select the foreground colour for the label ~ Select the background colour for the label

o G Apply labels to the preview image by expanding one of the chains below and then clicking-and-dragging on the target residues.
Step 5. Side-chains Step 6. Surfaces Step 7. Labels

This tab allows you to label the chain residues. Labels can either be off (white cell) or on (black cell). Click, drag and release to add labels.

Clear all labels Show 2° structure on Undo
eV

sequence below

Label style settings Apply to individual residues

~ Chain A

15|16 KRl 18 | 19 |20 |21 |22 |23 |24 |25 |26 |27 |28 |29 |30 31|32 33 34 35|36 37 38|39 40‘41 42
QKVFFA‘ED‘VGSNKGAIIGLMVGGVVI

I 2 e
% &
ofo
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(11h) The final Step 8 generates a rendered image that can then be downloaded as a
png file. Using the controls below the image the model can be rotated to achieve
the desired version for presentation.

e [

. "
@ Translate - Zoom @ rotate .
| ﬂ |
Step 5. Side-chains Step 6. Surfaces Step 7. Labels

Note: When saving from the
Safari browser, the image will be flipped vertically.

Click here to export Chimera instruction set (Experimental)

|

Example of downloaded png file showing the interaction between amyloid-B
and catalase with specific residues from Milton et a/., 2001 labelled.
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12: Interpretation of results

The target protein originally chosen (see Section 2 pages 5-10) will have a
protein id (see Section 2(b) page 7) that can be searched to obtain further
information from the NCBI Proteins (https://www.ncbi.nlm.nih.gov/protein/) or
UniProt (https://www.uniprot.org) websites. The SNC sequence can also be
BLAST searched (see Section 4(a) page 14) to obtain information about related
proteins and isoforms of the target protein. Key features to identify for the
target protein include modified residues (for example phosphorylated residues);
residues that bind co-factors, ligands, allosteric ligands, substates or other
proteins; regions linked to protein activity (for example the active sites of
enzymes or ligand binding domains of receptors); regions that play a role in
localisation (for example the extracellular, transmembrane and intracellular
regions of receptors); regions where a protein undergoes post-translational
cleavage (for example signal peptides or hormone pre- and pro- forms); regions
with structural details (for example B-turns).

These key features also need to be identified for each of potential binding
proteins listed in the results tables (see Section 7(e) page 39 above) from the
BLAST searches for alignments with AS35NC, AS35CN, AS53NC and AS53CN
sequences.

A graphical map of potential interaction domains can be created from the data
obtained and is particularly useful to look at the potential effects of interactions.
&
\QQ’Q PDGF (VEGFR1 + VEGFR2
‘;)\Qé@ - binding sites) domai"\ Heparin-binding domain
E— L]
O
Py 7 \ J

52-130 180-232

A graphical view of the domains and interacting regions within VEGFA. The black boxes within
the chain represent the protein residues in which VEGFA binds to cubilin precursor, gametogenetin
binding protein 2, and FGFR2 isoform 7 precursor. PDGF = platelet-derived growth factor.

Similar graphical views can be prepared for each interacting protein, in this
example the cubulin precursor, gametogenetin binding protein 2 and FGFR2
isoform 7 precursor.

Searches of publications using PubMed (https://pubmed.ncbi.nim.nih.gov),
Google  Scholar  (https://scholar.google.com) and  Science  Direct
(https://www.sciencedirect.com) can be used to identify published links or
processes that are linked to each protein.
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(12e) Tissue localisation of the proteins is also very useful to help determine if an
interaction is likely, this information may be provided in publications and can
also be checked using the online Human Protein Atlas
(https://www.proteinatlas.org).

(12f) From the interaction modelling results tables from section 10(e) (pages 60-61)
it is possible to determine which amino acids are predicted to interact. This
information can be combined with the information from the results tables (see
Section 7(e) page 39 above) from the BLAST searches, for alignments with
AS35NC, AS35CN, AS53NC and AS53CN sequences, to determine if the two
techniques identify similar regions of proteins involved in interactions.
Information about published interactions for each protein can be found at the
IntAct Molecular Interaction Database (https://www.ebi.ac.uk/intact/) and
structural information can also be found at the RSCB Protein Databank
(https://www.rcsb.org). From these data sets it is possible to suggest which
residues may interact based on the Bioinformatic computer predictions.

(12g) Images of the suggested interacting structures from section 10 (pages 56-67)
and section 11 (pages 68-72) can be generated to illustrate the suggested
interactions.

(12h) From these results practical experiments can be designed to prove or disprove
the theoretical interactions identified using the Antisense Peptide Bioinformatics
and Molecular Docking protocols.

(12i) The antisense peptide sequences can also be used to generate synthetic
peptides for use in experimental settings.
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14: Appendix 1 - Installing Python

(14a) This protocol uses Python 3 software to run a program. Recommended to
download the latest stable version, the program used has been tested on
versions 3.6.0 and above (current stable version is 3.9.4). If Python cannot be
installed either use an online version of Python (Section 3 above, pages 11-13)
or an alternative method to generate antisense peptides manually is detailed in
Section 15 (pages 83-86 below).

(14b) On a Mac to download Python go to https://www.python.org and follow

instructions:

@ Chrome File Edit View History Bookmarks People Tab Window Help

About Downloads

—
Allreleases
Source code
Windows
Mac 0S X

Other Platforms

eeeeee

Documentation

QO B3R = 00%BE Thu17:45

e - I

Community  SuccessStories  News

Download for Mac 0S X

Python 3.8.3

Alternative Implementations

Events

w g O

On a PC to download Python go to https://www.python.org and follow

instructions:

@ Windows10 File Edit View Actions Devices Window Help C l © @ F 0onEp Thigte B an =
° Windows 10 =0 QFBD§0omE <« #
5 C @ pythonon % O i

Python

& python

About

(14¢)

Downloads

Documentation Community Success Stories News

Download for Windows

Note that Python 3.5+ cannot be used on Windows XP

Events

to open double click on the IDLE icon (highlighted in blue):

B Récents v 7 Python 3.8
A\ Applications Icon?
=] Desktop
m Install Certificates.command
@ DL s License.rtf
0 Downloads /& Python Documentation.html
m emilton §& Python Launcher
« ReadMe.rtf
i@ Pictures

m Update Shell Profile.command
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24 Feb 2020 at 22:54
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317 KB

1KB
13KB
98 bytes
269 KB
3 KB

3 KB

Once installed on a Mac there will be a Python folder in the Applications (Mac),

Folder
TextEdit

Application

Termin...Il script
RTF Document
Alias
Application

RTF Document

Termin...Il script
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On a PC the Python folder should be on the C drive (PC) in the Programs folder
and to open double click on the IDLE icon (highlighted in blue):

+ > This PC > BOOTCAMP (C) > Users > Nat > AppData > Roaming > Microsoft > Windows > Start Menu > Programs > Python 3.7

B Videos ~ Name Date modified
| This PC »~ IDLE (Python 3.7 64-bit)

¥ 3D Objects P python 3.7 (64-bit)
I Desktop #¥ Python 3.7 Manuals (64-bit)

(14d) Download the Python script (AntisensePeptide.py) file from Antisense-
Peptide.py (available from as a either Python script
https://www.neurodelta.uk/resources/BioinformaticsProtocolScript.py save to a
suitable folder on the hard drive. A copy the complete text is shown below:

##0riginal code by Jonathan C Goulding, Adapted to Py3 and Modified by
Harrison R S Milton, based on Milton, N.G.N. (2006) Anti-sense Peptides.
Protocols 6.39 In Cell Biology Protocols, Eds D. Rickwood, J. Graham &
J.R. Harris, Wiley, London, pp 353-358. [2] J.C. Goulding, H.R.S. Milton &
N.G.N. Milton; School of Clinical & Applied Sciences, Leeds Beckett
University; Neurodelta Ltd.

g=input("Input name: ")

s=input("Input coding mRNA: ")

i=s.replace(' ', '').replace('@Q', '').replace('1l', '').replace('2',
''").replace('3', '').replace('4', '').replace('5', '').replace('6’,
''").replace('7', '').replace('8', '').replace('9', '').replace('A',
'a').replace('C', 'c').replace('G', 'g').replace('T', 't').replace('U',
't').replace('u', 't').replace('\n', '')

def breakdown(data):
array=[]
for i in range(0, len(data),3):
if (i+3>len(data)):
upper = len(data)

else:

upper =i+3
seq=datali:upper]
try:

array.append(amino_acids[seql)
except KeyError :
array.append( 'unknown')
return array

def flip(x):
return x[::-1]

amino_acids =
{'aaa':'K','aac':'N','aag':'K','aat':'N','aca':'T', 'acc':'T','acg":'T",'a
ct':'T','aga':'R','agc':'S"','agg':'R','agt':'S','ata"':'I"', 'atc':'I", 'atg’
:'M', 'att':'I','caa':'Q', 'cac':'H', 'cag':'Q"', 'cat':'H"','cca':'P',"'ccc':'P
I,ICCgI:IPI,ICCtI:IPI,ICgal:lR','CgC':'R','ng':'RI,ICgt':lRl,ICtal:lLl,I
ctc':'L',"'ctg"':'L", "ctt':'L"','gaa':'E"','gac':'D','gag"':'E',"'gat':'D"', 'gca
l:IAI'Igch:IAI’Igch:IAI'Igctl:lAl’lggal:IGI'Igch:IGI’Igggl:lGl’lggtl:I
G','gta':'v','gtc':'V', 'gtg':'V"', 'gtt"':'V', "tac':'Y", "tat':'Y", "tca':'Ss"’,
'tcc':'S', "tcg':'S", "tet':'S', "tgc':'C', "tgg ' 'W', "ot ' 'CY, "ttat s LY, Tt
c':'F','"ttg':'L',"ttt':'F', "taa': "'x',"tga': 'x', 'tag': 'x'}
output=breakdown (i)
combined=""
for acid in output:

combined =combined+acid
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print ("")

print("SNC -",g,"=",combined)
d=flip(combined)

print ("")

print("scN -",g,"=",d)

amino_acids =
{'aaa':'F','aac':'L"','aag':'F','aat"':'L', 'aca':'C', 'acc':'W', 'acg':'C','a
ct':'X','aga':'S','agc':'S"','agg':'S"','agt"':'S"','ata"':'Y", 'atc': 'X", 'atg’
'Y', 'att':'X','caa':'vV', 'cac':'V', 'cag':'V', 'cat':'V','cca':'G','ccc':'G
I'Iccgl:IGI,Icctl:IGI'Icgal:IAI,Icgcl:IAI'IcggI:IAI,ICgtI:IAI,Ictal:IDI,I
ctc':'E',"'ctg':'D', 'ctt':'E','gaa':"'L"',"'gac':'L','gag"':"'L"',"'gat"':"'L", "gca
I:IRI'lgccl:IRI’Igch:IRI'IgctI:IRI’IggaI:IPI'Igch:IPI’IgggI:IPI,lggtI:I
PI'IgtaI:IHI,IgtCI:IQI’Igth:IHI,IgttI:IQI’Itacl:IMI,ItatI:III'ItCaI:ISI,
'tcc':'R', "tcg':'S"', "tct':'R', "tgc':'T", "tgg':'T", "tgt':'T", "tta': 'N', "tE
c':'K','"ttg':'N', "ttt':'K',"taa':'x"',"tga': 'x',"tag': "x'}
output=breakdown(i)
combined=""
for acid in output:

combined =combined+acid
print ("")
print("AS35NC -",g,"=", combined)
e=flip(combined)
print ("")
print("AS35CN -",g,"=",e)

amino_acids =
{'aaa':'F','aac':'V','aag':'L','aat"':'I"', 'aca':'C', 'acc':'G', 'acg"':'R", 'a
ct':'s','aga':'S','agc':'A','agg':'P','agt"':'T','ata"':'Y"', 'atc':'D"', 'atg’
:'H', 'att':'N','caa':'L','cac':'V','cag':'L', 'cat':'M","'cca':'W',"'ccc':'G
I,ICCgI:IRI,ICCtI:IRI,ICgaI:ISI,ICgCI:IAI,IngI:IPI,ICgtI:ITI,Ictal:lxl,I
ctc':'E',"'ctg':'Q"', 'ctt':'K","'gaa"':'F', 'gac':'V','gag':'L"','gat"':'I", 'gca
I:Icl'lgccl:IGI'IgCgI:IRI,IgCtI:ISI'IggaI:ISI,Igch:IAI’IgggI:IPI,lggtl:I
T','gta':'Y','gtc':'D", 'gtg':'H", 'gtt':'N', "tac':'V',"tat"':'I"', "tca': 'X",
'tcc':'G', "tcg':'R', "tct':'R', "tgc':"A', "tgg':'P"', "tgt':'T", "tta': 'X", "ttt
c':'E','ttg':'Q", "ttt':'K"',"taa':"x"',"tga': 'x', "tag': "x'}
output=breakdown(1i)
combined=""
for acid in output:

combined =combined+acid
print ("")
print("AS53NC -",g,"=", combined)
d=flip(combined)
print (un)
print("AS53CN -",g,"=",d)

(14e) Alternatively in the Python Shell after clicking in File will give a pull down on
which the New File (Ctrl+N) can be selected:

@ |IDLE File Edit Shell Debug Options Window Help

[ NON Python 3.8.2 Shell

Python 3.8.2 (v3.8.2:7b3ab5921f, Feb 24 2020, 17:52:18)

[Clang 6.0 (clang-600.0.57)] on darwin

Type "help", "copyright", "credits" or "license()" for more information.
>>>
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(14f)

NEUrODELTA

B python 3.7.7 shell - m| X
File Edit Shell Debug Options Window Help
New File Ctrl+N :d7¢c567b08£, Mar 10 2020, 10:41:24) [MSC v.1900 64 bit
Open... Ctrl+0 oredits” " O" £ nf 4
credits" or icense or more information.
Open Module... Alt+M

Recent Files 4
Module Browser Alt+C
Path Browser

Save Ctrl+S
Save As... Ctrl+Shift+S
Save Copy As..  Alt+Shift+S

Print Window Ctrl+P

Close Alt+F4
Exit Ctrl+Q

Download the Python script (AntisensePeptide.docx) file  from
https://www.neurodelta.uk/Protocols/. Open the document in Microsoft Word
and Copy the complete text. Paste into the blank untitled window on Python:

@ |IDLE File Edit Format Run Options Window Help

B L

Python 3.8.3 (v3.8.3:6f8c8320e9, May 13 2020, 16:29:34)

[Clang 6.0 (clang-600.0.57)] on darwin [ EndNot
Type "help” - s Gomea St v e 5 o o L
>>> ® [ ] *untitled*

##0rignal code by Jonathan C Goulding, Adapted to Py3 and Modified by Harrison S
g=input("Input name: ")

s=input("Input coding mRNA: ")

i=s.replace(' ', '').replace('®', '').replace('1l', '').replace('2', '').replace(

def breakdown(data):
array=[]
for i in range(®,len(data),3):
if (i+3>len(data)):
upper = len(data)
else:
upper =i+3
seq=datali:upper]
try:
array.append(amino_acids[seql)
except KeyError :
array.append('unknown')
return array

def flip(x):
return x[::-1]

amino_acids = {'aaa":'K',6 ‘aac':'N' 6 "aag':'K"',6 taat':"N',6 'aca':'T"', ‘acec':'T"', "acg"'
output=breakdown(i)
combined=""
for acid in output:
combined =combined+acid
print (u n)
print("SNC -",g,"=",combined)
d=flip(combined)
print ("%)
print("SCN _"Igl II:|I'd)

Then save the file on the Hard drive in a suitable folder as AntisensePeptide.py
using the file Save (Ctrl+S) command.
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15: Appendix 2 - Python antisense
peptide generation

(15a) For the installed version of Python on a Mac there will be a Python folder in the
Applications (Mac), double click the IDLE (highlighted in blue):

=yRecanty ¥ [# Python 3.8 1Apr 2020 at 01:02 - Folder
A\ Applications Icon? 24 Feb 2020 at 22:54 317KB  TextEdit
m Desktop 1 Apr 2020 at 01:02 Application
m Install Certificates.command 24 Feb 2020 at 22:54 1KB Termin...Il script
[ Documents + License.rtf 24 Feb 2020 at 22:54 13KB  RTF Document
o Downloads /& Python Documentation.html 1 Apr 2020 at 01:02 98 bytes  Alias
. § Python Launcher 1 Apr 2020 at 01:02 269 KB  Application
£} natmilton
« ReadMe.rtf 24 Feb 2020 at 22:54 3 KB  RTF Document
33 Pictures m Update Shell Profile.command 24 Feb 2020 at 22:54 3KB  Termin..ll script

For the installed version on a PC the Python folder should be on the C drive (PC)
in the Programs folder, double click the IDLE (highlighted in blue):

1+ » This PC > BOOTCAMP (C)) > Users > Nat > AppData > Roaming > Microsoft > Windows > Start Menu > Programs > Python 3.7

B videos ~ Name Date modified Type Size

3 This PC +# IDLE (Python 3.7 64-bit) Shortcut K8
# 3D Objects B python 3.7 (64-bit) ut

B Desktop 2 Python 3.7 Manuals (64-bit) ut
¢ Documents »7 Python 3.7 Module Docs (64-bit) ut

This will open a Python Shell and by clicking in File will give a pull down on
which the Open (Ctrl+O) can be selected followed by selection of the
AntisensePeptide.py file and then clicking open:

@ |IDLE File Edit Shell Debug Options Window Help

[ NON ) Python 3.8.2 Shell

Python 3.8.2 (v3.8.2:7b3ab5921f, Feb 24 2020, 17:52:18)
[Clang 6.0 (clang-600.0.57)] on darwin
Type "help", "copyright", "credits" or "license()" for more information.

>>>
&> python 3.7.7 Shell — O X
File Edit Shell Debug Options Window Help

New File Ctrl+N :d7c567b08E, Mar 10 2020, 10:41:24) [MSC v.1900 64 bit

Open... Ctrl+O i dits® " e inf t

re - cense Or MOL P on.
Open Module..  Alt+M credits" or icense or more information
Recent Files 4

4 Module Browser Alt+C
H Path Browser

J  save Ctrl+S
i Save As.. Ctrl+Shift+S
Save Copy As..  Alt+Shift+S

Print Window Ctrl+P

¢ Close Alt+F4
Exit Ctrl+Q
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Mac:

(i)

97
o
».

/4
AEUrODELTA

@ IDLE File Edit Shell Debug Options Window Help
<|>§ ODv i [ Documents % Q Search
i B AntisensePeptide.py
23 [71 Custom Office Templates > ##0rignal code by Jonathan C Goulding, Adapted to Py3 and
%> Dropbox " Outlook Files > Modified by Harrison S R Milton, based on Milton, N.G.N.
B Websi (2006) Anti-sense Peptides. Protocols 6.39 In Cell
£ Recents [ Website L Biology Protocols, Eds D. Rickwood, J. Graham & J.R.
e e Harris, Wiley, London, pp 353-358.
A+ Applications g=input("Input name: ")
s=input("Input coding mRNA: ")
Desktop i=s.replace(' ', '').replace('0', '').replace('1l’,
a '').replace('2', '').replace('3', '').replace('4’,
Documents '').replace('5', '').replace('6', '').replace('7"',
OD load '').replace('8', '').replace('9', '').replace('A’,
ownloads ‘a').replace('C', 'c').replace('G', 'g').replace('T',
i ') repl Wrlorer).repl wrhorer).repl “\n*,
i OneDrive ”)) replace( ).replace('u ).replace('\n
iCloud
& iCloud Drive AntisensePeptide.py
Python script - 4 KB
Locations
@ Network Information
Created Thursday, 23 April 2020 at 17:24
Filter: Python files (.py, .pyw)
Options Cancel m

(i) PC:

Ji‘ Python 3.7.7 = 0O v
File Edit Shell Debug Options Window Help
« v I Desktop v O £ Search Desktop
g Organise - New folder v - [N 0
i ¥ iCloud Drive (# * Network o)
) Both Macs
7 Endnote . Dropbox (Mac
; [
Marking 2019 —
] = Pictures B iCloud Dri
¢ f Q . iCloud Drive (Mac)
| [ Desktop (-~
/| 3% Dropbox . Mac Files
@ OneDrive Shortcut
3 y— %. ' 1.15 KB
i 2 Nathaniel Milton
W This PC . AntisensePeptide
/ e ﬁ Python File
- 3D Objects v == 345KB v
| |
File name: AntisensePeptide v | Python files ¥

b
<
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(15b) After opening AntisensePeptide.py a new window will appear, same for Mac and
PC so from here onwards the protocol uses images from a Mac:

.' IDLE File Edit Format Run Options Window Help

Python 3.8.2 (v3.8.2:7b3ab5921f, Feb 24 2020, 17:52:18)
[Clang 6.0 (clang-600.0.57)] on darwin
Type "help", "copyright", "credits" or "license()" for more information.
>>>
(] @ AntisensePeptide.py - /Users/natmilton/Desktop/AntisensePeptide.py (3.8.2)

#0rignal code by Jonathan C Goulding, Adapted to Py3 and Modified by Harrison S
g=input("Input name: ")

s=input("Input coding mRNA: ")

i=s.replace(' ', '').replace('@', '').replace('l', '').replace('2', '').replace(

def breakdown(data):
array=[]
for i in range(®@,len(data),3):
if (i+3>len(data)):
upper = len(data)
else:
upper =i+3
seq=datali:upper]

In the new window the Run function needs to be clicked and then the Run
module F5 selected which will go to the following where the name on the target
protein that the antisense peptides are generated against can be entered:

.’ IDLE File Edit Shell Debug Options Window Help

[ NON ) *Python 3.8.2 Shell*

Python 3.8.2 (v3.8.2:7b3ab5921f, Feb 24 2020, 17:52:18)

[Clang 6.0 (clang-600.0.57)] on darwin |
Type "help", "copyright", "credits" or "license()" for more information.

>>>

============= RESTART: /Users/natmilton/Desktop/AntisensePeptide.py ============
Input name:

Once typed name hit return and will bring up following (nsp11 in this example):

@ |IDLE File Edit Shell Debug Options Window Help

C JON *Python 3.8.2 Shell*

Python 3.8.2 (v3.8.2:7b3abh5921f, Feb 24 2020, 17:52:18)

[Clang 6.0 (clang-600.0.57)] on darwin {
Type "help", "copyright", "credits" or "license()" for more information.

>>> [
============= RESTART: /Users/natmilton/Desktop/AntisensePeptide.py ============ |
Input name: nspll

Input coding mRNA:

The mRNA sequence used in the program needs to be in the format of a single
word with no line breaks or paragraph marks (*{") in the sequence (section 2d
(page 10 above).

Then paste in mRNA sequence, for this example the sequence used is

TCAGCTGATGCACAATCGTTTTTAAACGGGTTTGCGGTG, which is the nspll
mMRNA sequence and gives the following output:
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@ IDLE File Edit Shell Debug Options Window Help

© ® Python 3.8.2 Shell ;:

Python 3.8.2 (v3.8.2:7b3ab5921f, Feb 24 2020, 17:52:18)

[Clang 6.0 (clang-600.0.57)] on darwin 5
Type "help", "copyright", "credits" or "license()" for more information.

>>>

============= RESTART: /Users/natmilton/Desktop/AntisensePeptide.py ============
Input name: nspll

Input coding mRNA: TCAGCTGATGCACAATCGTTTTTAAACGGGTTTGCGGTG

SNC — nspll = SADAQSFLNGFAV
SCN - nspll = VAFGNLFSQADAS
AS35NC - nspll = SRLRVSKNLPKRH
AS35CN - nspll = HRKPLNKSVRLRS

AS53NC - nspll

XSICLRKXVPKRH

AS53CN - nspll
>>>

HRKPVXKRLCISX

In a very rare number of cases the a, t, c or g residues in the mRNA sequence
could be replaced by an “n”. This will cause an UNKNOWN to show in the peptide
sequences which should be replaced by an X.

Where there is an * at the start (SCN, AS35CN and AS53CN) or end (SNC,
AS35NC, AS53NC) of a sequence this is where the STOP codon was in the mRNA
and can be deleted form the sequences used to run BLAST searches. If there is
an * or an UNKNOWN in the middle of a sequence this indicates a problem with
the mRNA used as these should only be at the end of coding sequences.
Suggests a need to repeat section 2a-2c (see pages 5-10 above) to get the
correct CDS mRNA component, particularly check that section 2c (see pages 8-
10 above) to create an mRNA sequence that is a single word has been
completed properly.

(15c) Copy the text from Input name down to the end of the AS53CN sequence and
paste into a word document, save the Python outputs file with suitable name.
These are the sequences that will be used for BLAST searches in sections 4 (see
pages 14-16 above) and 5 (pages 17-19 above).
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16: Appendix 3 - Manual antisense

(16a)

(16b)

(16¢)

peptide generation

The AntisensePeptide.py when run online in Python (see section 3 pages 11-
13) performs a series of tasks with the mRNA sequence. As an alternative
method where Python cannot be installed or run online the antisense sequences
can be generated manually (Milton 2006).

Initially, taking the mRNA sequence as a single string of text a space needs to
be inserted between the 3 and 4" base to convert the text into the coding
triplet. This then needs to be repeated for the whole of the mRNA sequence.
(in this example a short sequence peptide for nspll and its corresponding
mMRNA sequence has been used):

mMRNA: tcagctgatgcacaatcgtttttaaacgggtttgcggtg

mMRNA triplets: tca gct gat gca caa tcg ttt tta aac ggg ttt gcg gtg

To do this for a long sequence this can alternatively be carried out using find
and replace. The cursor should be moved to the start of the first codon (often
ATG) and then find and replace used as follows. Using the find and replace
command in word as above select Any Letter, then repeat until three Any Letters
are selected.

PC

Find what: AgA R R ¥ AaBbCch Aa B 2
Any Letter AabbCclL . 8

Caret Character [5 .

§ Section Character = £
Replace with: v
1 Paragraph Character

Column Break

Em Dash
<< Less En Dash Replace All Find Next Cancel
Search Options Endnote Mark
Search; | All Field 5C GTA CTT CTT
ET GCG CTT CGA
[[] Match case Eootnote Mark [] Match prefix PA ACG GTT TAC
[ Find whole wo Graphic [C] Match suffix pT CTT CTG GIC
[ use wildcards Manual Line Break
[J sounds like (Er Manual Page Break [T] 1gnore punctuation characters
[ Find all word fi Monbreaking Hyphen [[] 1gnore white-space characters
Nonbreaking Space
Optional Hyphen
Section Break
Replace White Space
Format - Special - No Formatting
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