Molecular Biology Laboratory

Bioinformatics and Genomics Lab.
Week3. Structure Prediction of RNA & Proteins

1. Practice how to predict RNA structure
® Predict the structure of "tRNA Val" with "RNAfold" and "mfold"

» Search "NCBI" in google and access NCBI.

Google nebi X =m & Q

QM @ooA @OE=Ed @sd9Y @ =aF

ZMZ Dt oF 608,000,0007H (0.52E)

| =7
hitps:/fwww.ncbinim.nih.gov ~

National Center for Biotechnology Information / ol
Welcome to NCBI. The National Center for Biotechnology Information advances science and =t
health by providing access to biomedical and genomic information

BLAST

BLAST finds regions of similarity between biological sequences

PubMed

PubMed® comprises more than 34 million citations for biomedical

Nucleotide
The Nucleotide database is a collection of sequences from

Yeah === HE

e gesd 112 4¢

Gene HAL OZ H22HE H M2
The .gov means it's official. Federal government websites often end Qa|Ab 0|2 28 08 T
n n H " n
» Search "human tRNA-Val" and click "Gene".
Search NCBI ‘ human tRNA-Val x w
Results found in 15 databases
GENE was this helpfulz | .
TRNV - tRNA-Val
Homo sapiens (human)
Also known as: MTTV
Gene ID: 4577
PubMed (7)
Genome Data Viewer
Literature Genes/ Proteins
Bookshelf e Gene 214 Conserved Domains 0
MeSH 0 GEO DataSets 0 Identical Protein Groups 0
NLM Catalog 0 GEO Profiles 0 Protein m
PubMed m HomoloGene 0 Protein Family Models 0
PubMed Central @ PopSet @ Structure o




» Select one from the list. We will use 3 one, "tRNA-Val (anticodon AAC) 1-4" in the practical
exercise.

Search results
Items: 1 to 20 of 214 Page of 1 Mexts | Last==

0 See also 166 discontinued or replaced items.

Name/Gene ID Description Location Aliases MIM
[ IRV-CAC1-7 tRNA-Val (anticodon CAC) 1-7 [Homo sapiens (human)] Chromosome 1, NC_000001.11 (149712552..149712624, TRMAV2Z, TRV-

D: 100189228 complement) CAC5-1

O MT-TV mitochondrially encoded tRNA valine [Homo sapiens Chromosome MT, NC_012920.1 (1602..1670) MTTV, TRNV

D: 4577 (humany}

[ TRV-AAC1-4 tRNA-Val (anticodon AAC) 1-4 [Homo sapiens (human}] Chromosome 5, NC_000005.10 (181218270..181218342 TRNAVT, TRV, TRV1 189921
D: 7239 complement)

[ IRV-CAC3-1 tRNA-Val (anticodon CAC) 3-1 [Homo sapiens (human)] Chromosome 19, NC_000019.10 (4724635..4724707, TRMNAV32 615304
D: 100189416 complement)

[ TRV-CAC1-6 tRNA-Val (anticodon CAC) 1-6 [Homo sapiens (human)] Chromosome 6, NC_000006.12 (26538054..26538126) TRNAW21 615306
D 1001289227

» Click "FASTA" to get the gene sequence of tRNA-Val.

Homo sapiens chromosome 5, GRCh38.p14 Primary Assembly

NCBI Reference Sequence: NC_000005.10
GenBank Graphics
=NC_000005,10:c131218342-181218270 Homo sapiens chromosome 5, GRCh38.p14 Primary Assembly

GTTTCCGTAGTGTAGTGGTTATCACGT TCGCCT ARCACGLGAAAGGT CCCCGRT TCGAA A CCRRECGEA A
ACA

» Search "RNAfold" in google and access RNAfold.

GO g|e rnafold b4 = _!, Q

QY @oux BRA @SN O2F  Hw =3

A1 Z T of 89,6007H (0.49=)

http:/fra.tbi.univie.ac.at » Cgi—tin//ﬁNAWeDSuite> R. =
RNAfold web server

The RNAfold web server will predict secondary structures of single stranded RNA or DNA
sequences. Current limits are 7,500 nt for partition function ...

http:/irna.thi.univie ac.at -

ViennaRNA Web Services

Thermodynamic Structure Prediction. RNAfold Server .. predicts minimum free energy
structures and base pair probabilities from single RNA or DNA sequences.




» Copy and paste the tRNA sequence to the box, and click "Proceed" for RNA structure
prediction.

RNAfold \WebServer Farametes 2

[Home|New job|Help)

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

simply paste or upload your sequence below and click Proceed. To get more Information an the meaning n:rh?durs dick the ) symbols. You can test the server using this sample sequence.

Paste or type your sequence here: [clear]
SNC_DDOD0S, 10:1 8] 21 E242- 181218270 Howo sapiens chramasose 5, GRCH3E.pl4 Primary Assembly » -
GTTTCOGTAGIGTAGTGGTTATCACGT TOGOCT AL CACGCGAAAGET CCOCGAT 1 DGAAACEGEGLGEAA -
ACA

© Show constraint folding

Fold algorithms and basic options
® minimum free energy (MFE) and partition function )
minimum free energy (MFE) only )
i 7o GU pairs at the end of helices &)
avoid isolated base pairs @)

& Show advanced options
Output eptions

interactive RNA secandary structure plot &)

RHA secondary structure plots with reliability annotation (Partition function folding only) &)
Mountain plot @)

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

» Inthe result, we can see the optimal secondary structure of tRNA and its free energy. The
left one is the structure that has minimum free energy, and the right one is the structure that
has minimum total-base pair distance to all structures in the thermodynamic ensemble.

Results for minimum free energy prediction

The optimal secondary structure in dot-bracket notation with a minimum free enargy of -25.40 kcal/mol is given below.

[celer by base-pairing probability | coler by positional entropy | no caolering]

You can download the minimum free energy (MFE) structure in [Vienna Tormas| Ot Formacz]. You can get thermodynamic detzils on this structure by submitting to our
AMAsval web servan

Results for thermodynamic ensemble prediction

The free energy of the thermadynamic ensemble is -26.73 kcal/mal.
Th i the ensemble is 11.54 %4,
Th

You may look at the dot plot containing the base pair probabilities [2p2|zD7 | IMRGE CONVERTER].

The centroid secondary structure in dot-bracket notation with @ minimum free energy of -25.40 kcal/mol is given below.

[celer by base-pairing probability | coler by positional entropy | no caolering]

You can download the minimum free energy (MFE) structure in [Vienna Tormas| Ot Formacz]. You can get thermodynamic detzils on this structure by submitting to our
AMAsval web servan

Graphical output

You may look at the interactive drawing of the MFE structure below. If you do not see the interactive drawing and you are using Internet Explorer, please install the Adobe
SWGE plugin. A note on base-pairing probabilities: The structure below is colored by base-pairing probabilities. For unpaired regions the color denctes the probability of

being unpaired.

Sequence display options

Sequence display options

MFE secondary structure

- - Centroid secondary structure
® Plain Sequence ® Plain Sequence




» Search "mfold" in google and access UNAfold

Go g|e mfold X = 3 Q

QEN @O0A @ESYY BR: Q2F  iHE) =3

A o 2iyyﬁoi‘+ (0.38%)

http:/Awww.unafold.org
UNAFold

The mfold web server is one of the oldest web servers in computational molecular biology. It has

been in continuous operation since the fall of 1995 when it was .

RNA Folding Form

RNA Folding Form .. Mfold web server for nucleic acid folding ...

DNA Folding Form

IMfold web server for nucleic acid folding and hybridization ...

Mfold and UNAFold web site

mfold and UNAFold web site - mfold Applications. RNA ...

Download mfold
Note that mfold has been replaced by UNAFoIld, a software ...

» Hover the mouse on the "mFold" - "Applications” and click "RNA folding Form"

The UNAFold Web Server mFold =
icati )
Applications DNA Folding Form
Software »

RNA folding Form

»
Documentation RNA folding Form Version 2.3

. View Folding Result: . -
-Un fewrolding Results Structure display and free energy determination

The UNAFold web server is currenly an amalgamation of two existing web servers: mfold & DINAMelt. The aim of this web site is to integrate the existing servers
and to expand by developing algorithms and software that will provide new services to the scientific community.

Created by e Nicholas R. Markham Maintained and supported by e Nicholas R. Markham
* Leslie S. Zuker ® Leslie S. Zuker
* Michael Zuker * Michael Zuker

New: There is a discussion forum for UNAFold, mFold and this web site! The authors will do their best to answer users’ questions on the forum. Users are
encouraged to help each other as well.




» Copy and paste the tRNA sequence to the box, go to below and click "Fold RNA" for RNA
structure prediction.

RNA Folding Form

M. Zuker

Mfoldweb server for nucleic acid folding and hybridization prediction.
Nucleic Acids Res. 31 (13), 3406-15, (2003)

[Abstract] [Full Text] [Supplementary Material] [Additicnal Information]

The folding temperature is fixed at 37°. You may still fold with the older version 2.3 RNA parameters, which allow the temperature to be varied.
DNA mfold server. Quikfold. Fold many short RNA or DNA sequences at once.

Enter sequence name:

Enter the sequence to be folded in the box below. All non-alphabet characters will be removed.

FASTA format may be used. /

SNC_000005. 100 c181218342-181218270 Homo sapiens chromosome 5, GRCh3IB.pld Primary Assembly
GTTTCCGTAGTGTAGTGRT TATCACGT TCGCCTAACACGCGAAAGRTCCCOGRT TOGARACCGGGECGGAS
ACA

Format Sequence Clear Constraints Check Constraints

» In the result, we can see predicted structures and their free energy. Click "pdf" of "Structure
1" then we can see the structure which has minimum free energy

Output

The energy dot plot for NC_000005 10:c181218342-181218270 Homo sapiens chromosome 5, GRCh38 p1. (Definition)
File formats: Text, PostScript, pdf, png, jpg

Computed Structures: (File Formats)

The computed foldings contain 32 base pairs out of 44 (72.7%) in the energy dot plot.

Extra files: sorted ctfile; h-num values; p-num values; log file for main computations.

Download all foldings
Choose zipped file: ® or gzipped tar file: O

View ss-count information

(Definition) (ss-count file) ss value = 1.22 + 1.23

Averaging window Magnifi(ationD Base to magnifyabout Plot format

View Individual Structures:

Circular structure Plots
# Structure 1: Initial AG = -25.10 kc%ol, (Thermodynamic Details).
Different file formats: PostScript, pdf, png, jpg, .ct file, Vienna, RNAML, RnaViz ct, Mac ct, RNAdraw, XRNA ss.

# Structure 2 : Initial AG = -24.80 kcal/mol, (Thermodynamic Details).
Different file formats: PostScript, pdf, png, jpg, .ct file, Vienna, RNAML, RnaViz ct, Mac ct, RNAdraw, XRNA ss.

# Structure 3 : Initial AG = -24.50 kcal/mol, (Thermodynamic Details).
Different file formats: PostScript, pdf, png, jpg. .ct file, Vienna, RNAML, RnaViz ct, Mac ct, RNAdraw, XRNA ss.
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2. Practice how to predict proteins structure
® Predict the structure of green fluorescence protein (GFP) with "PSI-PRED"

» Go to UniProt and get the protein sequence of GFP

=5p | PAZ212| GFP_LEQY | Green fluorescent protein OS=fequorea victoria 0¥=B100 GN=GFF PE=1 SW¥=1
WSKGEELFTGYYP | LYELDGEDYMGHKF SY SGEGEGDATY GKLTLEF | CTTGELPYPYPTL

YT TFSYGYLCFSRY PDHMECOHDFFICSAMPEGY Y DERT | FFKODGNY K TRAEYKFEGDTLY

WA ELEGI DFKEDGH | LGHELEYMYNSHNYY [ MADK KNG EVHFK I RHN | EDGSYLLAD

HY QAN TP GDGPY LLPDMHYLST 54 LSKDPHEKRDOHM Y LLEFY T AG | THGMDELYE.

» Search "psipred" in google and access PSI-PRED.

Go gle psipred X =m § Q

QY @oOx HE¥¥ Brx QAR :HE7 =7

hitp://bioint.cs.ucl.ac.uk > psipred o

PsiPred - UCL Bioinformatics group ' . - [===

O] To|R|of Eot HEI HEUD m e e R

hitps://bio.tools » psipred + [ | Ee——

The PSIPRED Protein Analysis Workbench unites many available analysis tools info a single

web based framework. An excellent tool for prediction of secondary PS I P RE D '<

» Copy and paste the GFP sequence to the box, go to below and click "Submit” for protein
secondary structure prediction.

Submission details

Protein Sequence /
»5p|P42212|GFP_AEQV] Green fluorescent protein OS=Agguorea victoria OX=6100 GN=GFP PE=1 8V=1
MSKGEELFTGVVPILVELDGDYNGHKFSVSGEGEGDATY GKLTLKFICTTGKLPVPWPTL
VITESYGVYQCESRYPDHMKQHDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFEGDTLY

Help
If you wish to test these services follow this link to refrieve a test fasta sequence
Job name

GFP

Email (optional)

[ro [ oom

> In the result, we can separate a-helix, B-sheet, and coil region.

Sequence Plot

Show psipred | | Show memsat | | Show aatypes

10 20 EN 40 50
1 MS KGEEILFTGVVPILVELDGDVNGHEKEFSVS GEGEGDATYGKLTLKFI CTT 0
51 GKLPVPWPTLMITTFSYGVQCFSRYPDHMKOQHDIFFKSAMPEGYVQERTI FF 12
M KDDGNYKTRAEVKFEGDTLVNRI ELKGI DFKEDGNILGHEKLEYNYNSHNYV 20
159 ¥ 1 MADKQKNMNGI KVNFKI RHNI EDGS VOQLADHYQAQNTPI GDGPVLLPDNHY :z0
20 LSTAQSALSKDPNEKRDHMVYLLEFMITAAGI THGMDETLY K 238
10 20 30 40 50

Strand Helix Coil Disordered
- d Get BNG | Get SVG |
Disordered, protein binding Putative Domain Boundary Membrane Interaction Helix

Extracellular . Re-entrant Helix Cytoplasmic signal Peptide




® Predict the 3D structure of GFP and compare with X-ray crystallography image

» Search “phyre2” in google and access Phyre2

(In the current situation, google directs an error page. You can access by this hyperlink

http://www.sbg.bio.ic.ac.uk/phyre?2)

Google phyre2 X ' & Q
Q HH Ol0jx Megyd B&H2 Oia" iHEY =
#AZ 0t e 140,0007H (0.197%)

CE%: 0] ZHs Sof Z4Z0rz MSELCh 2o E Y| 2l AHM3| Lotz 7|

¢ Imperial College London i Phyl’e <

itp://wvnw. sbg bio.ic ac.uk > ~phyre2

PHYRE2 Protein Fold Recognition Server

The PHYRE automatic fold recognition server for predicting the structure and/or function of your
protein sequence

LA Kelley X & - 2015 - 95393| 212 — Phyre2 is a web-based tool for predicting and analyzing

protein structure and function. Phyre2 uses advanced remote homology detection
H 3 elof: gof

Thao Dhyura? wah nortal far neatain madaling nradistion and

FofoM g -
Nature Journal Ze29st 2= Y
https:/fwww nature. com > nature protocols > protacols Ol4 QIS E CHE X 0 5S
. . . Hbe = SLLLOILICE O F|2H Tl
The Phyre2 web portal for protein modeling, prediction and ... TE B YL A7IHME)
ey T 27| v

Phyira2

Phyre & Phyre2= CH4ZE % ¢f
7|8t ME|AQILICEH Phyres 15008
QI 7k 27l e

National Institutes of Health (.gov) TEd AR

._)/“ hittps:/fwwwe.nchi.nlm.nih.gov » articles » PMC5298202 oE EH0

The Phyre2 web portal for protein modelling, prediction ... [e—

LA Kelley X & - 2015 - 95398| 212 — Phyre2 is a web-based tool for predicting and analysing =

protein structure and function. Phyre2 uses advanced remote homology detection methods - F—_ i — ¥
SWISS- MODELLEF HH-suite IntFOLD
MODEL

. National Institutes of Health (.gov)

¥4 hitps://pubmed.nchi.nim.nih.gev> . o/ 217

»  Write your e-mail for receiving the result, and job name, and copy and paste the GFP
sequence to the box without a header of fasta format. And then click “Phyre Search”.

subscribe to Phyre at Google Groups
Emai

Phyra?

Visit Phyre at Google Groups

W Follow @Phyre2server

Protein Homolagy/analogY Recognition Engine V 2.0
- (@) 7
a7 1] |

Login page .

AlphaFold Protein Structure DatabaseH.

If you have more than 5 or 6 sequences to model, it is easier for you (and better for everyone!) if you use "batch” processing (under Expert Mode).

most of the time, 'normal mode" will give you the answer you require in a fraction of the time.

Current Phyre2 server load = 1% (normal running) /

E-mail address: /
Optional Job description
or enter your ssquence here /

Amino Acid Sequence B

pload contents of sequence file B o=
or UniProt accession Bl [EREYEPIP)

Modelling Mode B [\l EIRORI IS Test [
Please tick as appropi _J INOT for Profitae| FOR Profit (Commercial) ©) | Other @ |

Phyre Search

Log in (top left-hand corner of this web page) to use our Expert Made features, including batch job submission and One-to-One threadingEl. Registering for this is quick and easy on our

You can use "One-to-One Threading" to model your sequence against your own in-house structures and those from the Protein Data BankJ, as well as models downloaded from the

Please do not use "intensive mode" unless your search using "normal mode” indicates that a single model does not cover most of your sequence. [ For most users,



http://www.sbg.bio.ic.ac.uk/phyre2

»  Wait until to finish their prediction.

l)']\/[ 1\2

Job Status

515111 hljs502@gmail.com
Job Description [€5
LG TR ] cof86e404f8972d4
V510 Thu Nov 16 06:37:30 GMT 2023

Estimated total processing time: 1.5 hours £ 1.4 hours [

1. Finding homologues with PSI-Blast

A link to results will be mailed to you when the job is finished

Or bookmark this page to return to it at any time

» Inthe result, we can see the 3D structure of GFP, and some of the data

hijs502@gmail.com

fe 120y MSKGEELFTG ... Download FASTA

Job Type LG LT

- GFP,
i ) I " 2 Thu Nov 16 06:37:30 GMT 2023
[ ] \ / ‘ y 1\ 1] ccf86e40418072d4

30 days

Download zip of
'v all results

Image coloured by rainbow N — C terminus
Model dimensions (R): X:48.957 Y:55.903 Z:48.782

Model (left) based on template cowvdA

PDB header: membrane protein

Chain: A: PDB Molecule: green fluorescent protein, protein jagunal homolog 1
PDBTitle: human jagn1

PDB Entry: PDBe RCSB PDBj

Confidence: 100.0% Coverage: T
228 residues ( 96% of your sequence) have been modelled with 100.0% confidence by the single highest scoring template.

Interactive 3D view in JSmol
For other options to view your downloaded structure offline see the FAQ




» Search "colabfold" in google and access ColabFold

Google colabfold X m 4 Q

QEY BR: @ONXN ES¥Y OLF =7 =

SR R0 HMZIC ZASLCH SELFM B 20E AT 5= YsCh
https:Hcolab.research.gcogle.wm b githID » blob : main - /
AlphaFold2.ipynb - Colaboratory - Google Colab

ColabFold: AlphaFold2 using MMseqs2 - Input protein sequence(s), then hit Runtime ->
Run all - MSA options (custom MSA upload, single sequence, pairing mode).

https:/fwww.nature.com » ... > brief communications - Qf‘ T

- AN
ColabFold: making protein folding accessible to all - Nature S —
M Mirdita M2 - 2022 - 450%| 21§ — Here, we present ColabFold, a fast and easy-to- 7o ?:t‘!’ﬁ
use software for the prediction of protein structures and home- and heteromer = ._.' —

complexes, for use ...

» Copy and paste the GFP sequence to the "query_sequence", set job name, and click
"Runtime" - "Run all" for protein 3D structure prediction.

cO ©) AlphaFold2.ipynb /

o +¥ =7 yY EY =7 £8
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+ 3IE 4+ "HAE £ DriveE A

~ ColabFold: AlphaFold2 using MMseqs2

X

i Easy to use protein structure and complex prediction using AlphaFold2 and Alphafold2-multimer.
Sequence alignments/templates are generated through MMseqs2 and HHsearch. For more details, see
bottom of the notebook, checkout the ColabFold GitHub and read our manuscript. Old versions: ¥1.0,
v1.1,v1.2, v1.3

Mirdita M, Schitze K, Moriwaki Y, Heo L, Ovchinnikov S, Steinegger M. ColabFold: Making protein folding
accessible to all. Nature Methods, 2022

< [2  Input protein sequence(s), then hit Runtine -> Run al | /
auery_sequence:  MSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWPTL VTTFSYGVQCFS

* Use : to specify inter-protein chainbreaks for modeling complexes (supports homo- and hetro-oligomers). For example
Pl...SK:PI...SK for a homodimer‘/

jobname: " GFP

use_amnber: [

template_mode: none -

s 'none" = no template information is used, "pdb70" = detect templates in pdb70, "custom” - upload and search own
templates (PDB or mmCIF format, see notes below)

IS HEA




> In the result, we can see the 3D structure of GFP.

o Display 3D structure

rank_num: 1

color: IDDT

show_sidechains: [

show_mainchains: [

5]
In
i}

piDDT: mmmm Very low (<50) Low (60) OK (70) Confident (80) = Very high (>90)

» Compare the predicted structure and X-ray crystal structure of GFP.

X-ray crystal
structure of S65T
GFP

Mats Ormé
Karen Kalko

S. James Remington

(U (‘)'(‘L)(.‘HI

Andrew Cubitt (UCSD




