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BACKGROUND

Predictive simulation technology has given rise to the ability to propose a possible
tertiary structure of a protein based on its sequence similarity to a known protein whose
structure has been experimentally determined. This kind of predictive technology, called
homology modeling, is extremely useful as the amount of known protein sequences greatly
outnumbers the proteins whose structure has been identified. Protein homology modeling
allows structures to be estimated based on established data.

Protein homology modeling constructs a
protein’s tertiary structure based on similar
sequences, on the basis that tertiary structure is
better conserved than the amino acid sequence itself
(Pitman and Menz, 2006). Throughout the course of
evolution, in order for a protein to maintain its
catalytic function or other purpose, it must maintain a
similar structure that allows for it to continue to
perform that function even if other mutations occur
which alter the amino acid sequence. A protein which
mutates in its active site to a point where it cannot
serve its purpose is less likely to be passed down by
the organism through the process of natural
selection. Although many diseases involving protein
mutations do exist today, when observing the long-term conservation of protein structure,
most of the mutations occur in areas outside of the active site. This does not have such a
great effect on the overall structure of the protein; with this mutation the protein is still able to
serve its purpose. These mutations lead to divergent evolution: different proteins stemming
from a common ancestor, often carrying related domains. This is what accounts for the fact
that many evolutionarily related proteins will have a more conserved tertiary structure yet a
less conserved amino acid sequence. If an amino acid mutates to one of similar character
(for example, a hydrophobic amino acid mutating to another hydrophobic amino acid, such as
a Valine to Isoleucine mutation), it will not have a great effect on the proteins overall
structure. This is the principle that allows protein homology modeling to predict a structure:
sequences which are aligned may have accumulated mutations over time, but the overall fold
structure will still likely be much more conserved than the sequence itself.

The PHYREZ2 program (Protein Homology analogY Recognition Engine) was launched
in 2011 as the sequel to the original PHYRE program and is one of the most popular protein
prediction software used today, intaking nearly 1000 protein submissions each day. The
PHYREZ2 program will be explored in this module as a predictive tool for protein structure
analysis. (Kelley, et all., 2015).
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1. PURPOSE

The purpose of this procedure is to develop an understanding of how protein fold

recognition software can be used to predict structural aspects of proteins based on their
amino acid sequence alignment to better-studied sequences and structures.

2. SCOPE

This procedure applies to qualified skills center users.

3. RESPONSIBILITY

3.1.1t is the responsibility of the user to understand and perform the procedure described
in this document.

3.2.1t is the responsibility of the user performing the procedure to fully document any
deviations from the written procedure.

3.3. 1t is the responsibility of the user to become trained in the use of this application.

4. DEFINITIONS

4.1.Homology: Similarity due to shared ancestry between a pair of structures or genes in
different taxa.

4.2.Domain: Distinct structural/functional unit in a protein. Typically responsible for a
particular function or interaction, contributing to the overall role of a protein. Most full
proteins are assembled of multiple domains that have their own independent fold and
come together as a complex of multiple subunits.

4.3.Convergent Evolution: When two species not sharing a close common ancestor
develop similar characteristics.

4 .4.Divergent Evolution: When two species diverge from a common ancestor and
develop different characteristics.

4.5.PHYREZ2-Fold: Broad categories of protein tertiary structure topology.

4.6.PHYREZ2-Family: A group of evolutionary related proteins.

4.7.PHYREZ2-Superfamily: A group compiling multiple protein families, the families
related more distantly than those within the family itself.

5. MATERIALS/EQUIPMENT

5.1. A computer to perform the procedure.
5.2. The PHYREZ2 server.

6. PROCEDURE

In this procedure, the online protein fold recognition server PHYREZ2 will be used to
generate a 3D tertiary protein structure based on alignment with available sequences of
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known structures. Other features of the PHYREZ2 server will also be explored to show the
many different functionalities of the protein fold recognition software.

6.1.Standard Mode: Predict Protein Structure

6.1.1. Find the amino acid sequence of a protein WITH UNKNOWN STRUCTURE to
run for analysis using PHYREZ2. To find proteins which have been studied and
sequenced but lack an experimentally determined tertiary structure, first go to the
UniProt database: https://www.uniprot.org/.

6.1.2. To conduct a search for proteins sequences which lack a structure, click the
“Advanced” button next to the search bar.

6.1.3. For the search parameters, use the following:

Searching in UniProtKB Q Help x

Sequence Length
~| Sequence > Sequence length» From |100 To | 300

=]

AND ~| Reviewed > Reviewed v m

Term
NOT ~| Cross-references > 3D structure databases > PDBw  Any

=]

Term
AND v| All+ o +

Search

The sequence length parameters indicate proteins with a sequence of 100 to 300
amino acids will be shown.

The “AND” Reviewed indicates the proteins have been reviewed and studied.

The “NOT” Cross-referenced in 3D structure databases (PDB) indicates that a
structure is not available for the protein on the PDB database, indicating that it is most
likely not determined as the PDB database in one of the largest protein structure
databases available.

NOTE the “AND” and “NOT” options and make sure they are input so that the
database is being searched for “AND Reviewed” and “NOT PDB".

A shortcut for these parameters is the following: length:[100 TO 300] AND
reviewed:yes NOT database:(type:pdb). These parameters can be directly typed into
the UniProt search bar to yield proteins fitting these parameters.

I PR Lim . 2

length:[100 TO 300] AND reviewed:yes NOT database:(type:pdb) Q, search | §

— o i S [ .

Once the parameters have been specified in the search bar, select “Search.”
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6.1.4. Proteins matching the parameters will be displayed on the page. Browse
through the protein options and select a protein of interest to use for PHYREZ2. Select
the protein by clicking its 6 character entry code (for example, Q00724.)

6.1.5. After clicking the entry code, the screen below for the individual protein will be
shown.

I i = = = o

(RET4_MOUSE) [0 e ]

&) Format @ Add to baskel @ History [# add a publication € Feedback

Protein | Retinol-binding protein 4

ation score: B@E®® - Experimental evidence at protein level!
mm Function!
Retinol-binding protein that mediates retinal transport in blood plasma. Delivers retinol from the liver stores to the peripheral tissues. Transfers the bound all-trans
- retinol to STRAS, that then facilitates retinol transport across the cell membrane. € By similarity
Sites
B Binding site’ 116 Substrate & By similarity 1

B GO - Molecular function

Inol trs rter activity # Source: InterPro

This page shows the gene name and organism the protein belongs to, along with
known information about the function of the protein and its role in biological processes.
To access the sequence of the protein, select the “Format” button which has the
sequence available in several formats. A couple different formats will be used in this
module; but for the standard prediction, simply use the text format.

- Q00724 (RET4_MOUSE)

teo % BLAST &) Format 8 Add to basket @ History
View format x
Protein | Retin g
Text
Gene Rbp4 FasTa (canonical)
. XML
Orga Mus ]
Organism ROF/XML
GFF I
Status R pre: ®@®@@® - Exper]

Select the “Text” format, underlined here.

6.1.6. Scroll to the very bottom of the text page and copy the amino acid sequence.
Make sure to include JUST the sequence consisting of the one letter amino acid codes
(shown below); no header, unlike one of the formats used later in this module.

sQ SEQUENCE 201 AA; 232086 MW; BD187E293B37A75B CRC&4;

EWVWALVLL AALGGGSAER DCRVSSFRVK ENFDKARFSG LWYATAKKDP EGLFLQDNIT
AEFSVDEKGH MSATAKGRVR LLSNWEVCAD MVGTFTDTED PAKFKMKYWG VASFLQRGND
DHWIIDTDYD TFALQYSCRL QNLDGTCADS YSFVFSRDPN GLSPETRRLV RQRQEELCLE
RQYRWIEHNG YCQSRPSRNS
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6.1.7. Now that the amino acid sequence of the protein of interest has been copied, go
to the PHYREZ2 server to begin the homology search:
http://www.sbg.bio.ic.ac.uk/~phyre2/html/page.cqi?id=index.

6.1.8. On the top left corner, select the “Login” option. From here an account can be
created. An account is not needed to run a standard search, but it is needed to run the
expert search later. Put in an email address and a password will be sent to that email;
from there you can login on the PHYREZ server.

6.1.9. Run a standard search by pasting the amino acid sequence into the large input
box shown beneath. Make sure to also include an email and have the modeling mode
set to “normal.”

6.1.10. The search engine will give an estimate of how long it will take to run the
results with a + error margin. Wait for the results until they are displayed.

,,,,,,,,,

Top model

Model (left) based on template d1jyda
Fold:Lipocalins
Superfamily:Lipocalins
Family:Retinol binding protein-like

Confidence: 100.0% Coverage:
174 residues ( 87% 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

Image coloured by rainbow N — C terminus
Model dimensions (.3\): X:45.497 ¥:43.406 Z:42.322

An image of the protein will be shown constructed from sequence alignment
comparison with the database-the highest matching protein structure template which
the result is based on is indicated: “d1jyda_.” You can select this template to view the
protein domain which has a high sequence similarity to the query protein and view the
structure. The “Fold”, “Superfamily”, and “Family” (see DEFINITIONS) of the protein
are all shown under top template information. Here, a mouse retinol binding protein
was analyzed; the server recognized the family to be Retinol binding protein-like, and
the structure also to belong to the larger Lipocalins superfamily. Lipocalins are a family
of proteins which transport lipophilic molecules such as retinol.

6.1.11. There are several more sequence analysis features that can be explored below
the “Summary” result section. In the “Sequence analysis” section there is: “Secondary
structure and disorder prediction”, “Domain analysis”, “Detailed template information”,
and “Binding site prediction.” Go through each result by selecting the “show” feature,
beginning with “Secondary structure and disorder prediction.”
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L e m o wm e wm @
= ME WV WALVLLAALGGGSAERDCRVSSFRVKENFDKARFSGLWYAT AKKDPEGLFLQDNI I
Seoondai structure . WRRRRLRRRRLARARAS RRSR R —
SS confidence Lo —— — - — ——— - —  —
Disorder ? ? 2?7 —? ? 2?72 ?
[T Disorder confidence I T I e e —
. n . @ . » . - . . =
) A EFSVDEKGHMSATAKGRVRLLSNWEVCADMYVGTFTDTEDPAKFKMKYWGVYASFLQRGND
Secondary structure * p——— p——— p————— S
- - - —
Disorder ——— = = T? 227 - — 7 —— ?2—2 —
— ——
. . @ . ® . - . n . -
T OHWI I DTOYDTFALQYSCRLQNLDGT CADSYSFVFSRDPNGLSPETRRLVRQRQEELCLE
Rl AL - ’ ’ ARRRRARALAIAN
- —
Disorder Trrr? e ?
S ——————— - —————

B

T R QY RWI EHNGY CQSRPSRNSL
Secondary structure [

S5 confidence

Disarder 2722222722772

Disorder confidence - ——

? Disordered ( 20%)
A% Alpha helix  17%)
+ Beta strand ( 36%)

+ign) [N Low o)
This tab gives a more detailed view of exactly which segments of the sequence
correspond to which secondary structures. Here, the separate alpha helices, beta
sheets, and disordered segments of Mouse RBP-4 are shown lining along their
corresponding sequence segments.
6.1.12. The next tab, “Domain analysis”, gives a list of matching domains for the query
protein.

Sequence analysis PDB 1jyd chain A
Reglon; 19 - 192
z Aligneds 174
Wiew PS|-Blast Pseudo-ML 4o

Secondary structure and disorder prediction [Show]

Domain analysis [Hide]

heo o

The highest matching domains are listed. By hovering the cursor over the domain
(here the cursor is over the top matching sequence for the query protein, d1jyda_) it
will give statistics on this segment; by selecting the domain, the page will pull down to
the next analysis section with more information about the specific domain.

6.1.13. “Detailed template information” gives more details about the proteins that were
used as templates to determine the structure of the query protein, such as what exact
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sequence it aligned with, the confidence in constructing the structure based off the
sequence, the foId proteln family, etc.

d templat

200

nformation [Hide]

Algnment

Fold:Lipccalns
Superfamily:Lipocaling
Family:Retinol binding protein-like

PDB header:transport protein

Chain: B: PDB Mole:ule retinol-binding protein

ligand
Phih:

6.2. Expert Mode: One-to-One Threading

6.2.1. Expert mode offers several more functions for protein structure analysis. Select
“Switch to Expert Mode” on the top left corner of the home page.

6.2.2. Begin with the first option, “One-to-one threading.” This feature will take both a
sequence and a structure into account and attempt to create a structure based on
both. This could be useful to users who wish to base their sequence prediction on
a certain structure for reasons such as functional information about the protein or
related proteins indicating the type of structure it may take on. Choose both a
sequence (can be the same sequence used before) and a protein structure from
the PDB database to upload: https://www.rcsb.org/. Search a protein and select
its 4 character PDB code (for example, 5C6Y); then select “Download files”, and
choose “PDB Format.” (shown below)

I structure of retinal-binding pmtecn 4 (bpd) In2 complex

™ un investigeion

< Biological Assembly 1 2]

>

& 3D View: Structure | Electron Density
s eractior

5CeY

A sperm whale myoglobin double mutant L29H/F43Y Mb witl
DOI: 10.2210/pdb5CEY/pdb

Classification: METAL BINDING PROTEIN
Organism(s): Physeter catodon
Expression System: Escherichia coli
Mutation(s): Yes @

Deposited: 2015-06-24 Released: 2015-11-11
Deposition Author(s): Yuan, H., Lin, Y.W., Tan, X.5
Funding Organization(s): National Science Foundation of China, Hunan Pra

Experimental Data Snapshot wwPDB Validation @

Method: X-RAY DIFFRACTION Metric
Resolution: 1.79 A Rfree I
R-Value Free: 0.181 Clashscore .

R-Value Work: 0.157

Ramachandran outliers I
R-Valua Dhearvad: 0 158 -

| PEEVEEEEE @ Download Files ~

FASTA Sequence

PDB Format
PDB Format (gz)

PDBx/mmCIF Format
PDBx/mmCIF Format (gz)

PDBML/XML Format (gz)
Biolegical Assembly 1

Structure Factors (CIF)
Structure Factors (CIF - gz)

Validation Full PDF
Validation XML

6.2.3. Once an amino acid sequence and a protein structure (PDB file) have been
chosen, they can be input into the one-to-one threading search as shown below.
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One to one threading

E-mail address
Optional job description [T |
melaalerwg 11lallppga astqwetgtd mklrlpaspe thldmlrhly
qgcqvvagnl
61 eltylptnas 1sflgdigev qgyvliahng vrquplarle
ivrgtglfed nyalavldng
121 dplnnttpvt gaspgglrel glrslteilk ggvligrnpg
lcygdtilwk difhknngla
181 1tlidtnrsr achpespmck gsrcugesse degsltrtve
aggcarckgp lptdccheqe
241 aagctgpkhs dclaclhfnh sgicelhcpa lvtyntdtfe -
smpnpegryt fgascwtacp
Upload PDB format file [felgee=g ST 0 23 Single chain only
Alignment method [[f<=1RORlel:% ]
=t le E T e TRy fiefyes @) no - predicted vs predicted only

Secondary structure weight [0l

Amino acid sequence

Submit one-to-one threading job

Make sure “alignment method” is set to local and “secondary structure scoring” is set
to yes so the results will show analysis of the secondary structures present in the predicted
structure. The “secondary structure weight” refers to how much of the predicted structure will
be based on the uploaded PDB structure; values of 0.1 to 0.9 are available as choices of how
much influence the user wishes the PDB structure to have on the prediction of the input
structure. Choose a middle secondary structure weight value (i.e. 0.5) so the secondary
structure has an intermediate amount of influence on the predicted structure of the sequence.
Click “Submit one-to-one threading job.”

Query s DMV G TF TDTEDPAKF K MK Y WEVASFLORG NDD HWI1 D T DYDTF
Template e KALVIWEG . ...DVLVCVQKGEKE.. .NRGWK QWL .E .G.D. .K ELUE 0 000d Q
T .. .T SSST..T- TT T

Query Sequésice 5 Y 5 F VF PN
Template Sequence v C R QVF K KKL Y
Template Known Secondary struciure
Template Predicted Secondary strucoure

Text  FASTA pairwise 30 Modelin
version alignment.

Downicad;

The results will indicate what sequence segments correspond to which secondary structures.
This is a threading job of the Mouse RBP-4 done against a Human RBP-2; the homologous
similarity between the two proteins yielded a stable structure, with a 98% confidence value. A
one-to-one threading job of Mouse RBP-4 done against a functionally dissimilar protein,
keratin, yielded a confidence value of 0% with an essentially impossible linear structure.
Forming a structure of the globular protein RBP-4 was nearly impossible using a 0.5
secondary weight structure of the fibrous keratin because the amino acid sequence of RBP-4
contains amino acid side chains which do not have the properties to take an alpha helical,
fibrous form.
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6.3. Expert Mode: Batch Processing
6.3.1. The next option is “Batch processing.” This can be used to predict the topology
of up to 100 proteins at once. For this option, submit a file containg the FASTA format of
multiple proteins; to find the FASTA format versions of protein sequences on the UniProt
database, follow the same steps as before (6.1.1. to 6.1.5.) except select “FASTA” instead of
“Text” when choosing a protein format.

Q00724 (RET4_MOUSE)

%, BLAST &) Format @ Add to basket ® History

View format ®
Protein g
Text
Gene FASTA (canonical)

XML

Organism RDF/XML
GFF

Status pre: @®@@®® - E>

6.3.2. Copy the ENTIRE page of text and paste it into a separate note/text file. Do this
for multiple different protein sequences but make sure the entire page of text is highlighted
and copy/pasted, as the FASTA header will serve to separate the proteins in the single file.

AEFSVDEKGHMSATAKGRVR LLSNWEVCADMVGTF TDTEDPAKFKMKYWGVASF LQRGND
[DHWIIDTDYDTFALQYSCRLQNLDGTCADSYSFVFSRDPNGLSPETRRLVRQ

RQYRWIEHNGYCQSRPSRNS

[>sp |QBO724 | RET4_MOUSE Retinol-binding protein 4 0S=Mus musculus 0X=18639@ GN=
EWVWALVL LAALGGGSAERDCRVSS FRVKENFDKARFSGLWYATAKKDPEGLFLQDNTT

Rbp4 PE=1 SV=2

6.3.3. Once a file with multiple different protein sequences has been created, upload
the file and select “Submit batch job.” The confirmation page below will be shown:

Batch Submission
N michaeliguzie@gmail.com

Your maximum allowed PSS
sequences
Number submitted [
Your sequences are listed below. Please check that they have been parsed correctly

Sequences must be between 30 and 6000 residues long and
only contain the 20 canonical amine acids (no gaps, no wild cards, no nucleic acids)

Confirm batch submission || Return to Form

e
»

3

Sp|Q00724|RET4_MOUSE
Retinal-binding protein 4
05=Mus musculus
OX=10090 GN=Rbp4
PE=1 Sv=2
sp|PO0594|PA21B_HORSE
Phospholipase A2 . i
(Fragment) OS=EQuUS S0 s caprmre ko oekon TR
caballus OX=9796

GN=PLA2G1B PE=1 SV=1

sp|P31582|RAF2A_ARATH

Ras-relatad protein
RABF2a OS=Arabi
thaliana OX=3702
GN=RABF2A PE=1 SV=1

MASSCAKNINAKL (GQERTHELAPHYYRGAAAAIIVFDITNGAS
FER TSAKTATHVKDIFYELAKRLPRVOPAENETGMVLENGAGAT

AvSSSCCA

Make sure that the system has recognized all the different protein sequences in the file as
separate sequences, which should be the case if the entire FASTA header was pasted in with
the sequence. If all the sequences are identified seperately, hit “Confirm batch submission.”
The results will yield predicted structures of each protein.

6.4. Expert Mode: BackPhyre
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6.4.1. The next option is “BackPhyre”-this is the reverse process. Upload a PDB
structure and the protein structure will be ran through the database to find possible
sequences which best fit this structure. Upload a PDB file in the same format as in 6.2.2.
There are several different available genomes from a variety of different organisms; select at
least two genomes to compare this structure against and hit “Submit BackPhyre Job.”

Use Phyre in reverse. Submit a PDB structure and

33«"- é BackPhyre search that structure against a wide range of

genomes

Backphyre options.

E-mail address

Optional job description ‘MVDQ\OUH
Upload PDB format file ([feifieeccy IR Sn ] Single chain only

MNanoarchaeota_archaeon_ SCGC_AAAD11-K22 =
Nanoarchaeota_archaeon_SCGGC_AAAQ11-L22
Nanoarchaeota_SCGC_G17_aa
Nanoarchaeote_nst1_aa
MNanoarchaeum_equitans_aa
Neisseria_meningitidis_MC58
Plasmodium_falciparum
Pseudomonas_aeruginosa
(IR EL N RE RSN ELER R Pseudomonas_putida_KT2440
8| Saccharomyces_cerevisiae
Schistosoma_mansoni
Staphylococeus_aureus_COL
Streplocaccus_pneumoniae D39
Streptomyces_coelicolor

Choose 1 or more genomes to search (ctrl-click or emd-
click)

Submit BackPhyre job

This BackPhyre contains a PDB file and 2 genomes selected to run the myoglobin
structure against; including the bacteria which causes pnemonia, streptoccocus pneumoniae.

6.4.2. The results will be emailed and show the genomes which hit a match to the
submitted structure and how much of a matching sequence was present.

6.5. Expert Mode: GenSearch

6.5.1. Lastly, “GenSearch” can be used to run a sequence of interest against a variety
of genome databases. Paste an amino acid sequence into the input box.

6.5.2. Choose at least 2 genomes to run the sequence against from the available
organisms.

6.5.3. Select “Submit GenSearch”.

6.5.4. The results will be emailed and show the genomes containing a protein which hit
a match to the submitted amino acid sequence and how much of the matching sequence was
present.
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Alignment Coverage Confidence % i.d.

0i|55743122 |ref|NP_006735.2| retinol-binding_protein 4, plasma precur-
1 o i Homo sapiens
, 1-192
2 qil28574799|ref|NP 787960.1| CG33126-PA [Drosophila melancgaster] Drosophila
3 gi|24653274|ref|NP_523727.2| CG4604-PA [Drosophila melanogaster] Drosophila EA
-192 [0
4 @i|24580854|ref|NP 722702.1| CG31659-PA [Drosophila melanogaster] Drosophila melanogaster ke
9il24641392 | ref|NP 727559.1] CG4139-PA, isoform A [Drosophila 4194 1
5  melanog- Drosophila
aster]
¢1]24641394|ref|NP_572748.2| CG4139-PB, isoform B [Drosophila 41940
6  melanog- Drosophila
aster]
7 gil4502163|ref|NP_001638.1] apalipoprotein D precursor [Homo sapiens] Homo sapiens SR
= = = — ETRn |
& §]|_|38455402\r_=ﬂNP 005555.2| lipocalin 2 (oncogene 24p3) [Homo sapien: saplens 1-192
+ : s 1-197 3
9 ¢i|8oB86464|ref|NP 848631.2| lipocalcin 12 [Homo sapiens] Homo sapiens
0i|32171249|ref|NP_000945.3| prostaglandin H2 D-isomerase [Homo e
10 sapie- Home sapiens
nsl
0il4557393|ref|NP 000597, 1 complement component & _gamma 3.201 1
11  polypeptide Homo sapiens
[Homo sapiens]
X - 5 1-197 4
12 gl|42714611|ref|NP 976222.1] MSFL2541 [Homo sapiens] Homo sapiens
0i|4502067 |ref|NP_001624.1] alpha-1-microglobulin/bikunin precursor [- ’ 1-197 4
12 Homo sapiens] Homa sapiens
14 gi|39573716|ref|NP 945184.1| lipocalin 6 [Homo sapiens] Homo sapiens Lt

These are the results for mouse RBP-4 compared to 6 different genomes, including Homo
sapiens. The results show what proteins from what organism hit a match, and what sequence
alignment is present. Homo sapiens and Drosophila melanogaster show the highest number
of matching proteins.

7. TROUBLE SHOOTING

7.1. If trying to use the sequence finder function rather than inputting your own sequence,
the search engine may seem perpetually stuck in the searching que. The sequence search
feature is in the beta-testing phase so it may take awhile to load; it will be easiest to search
the sequence of the protein on the UniProt database or another database and past it directly
in the search box.

7.2.The “Binding site prediction” tab may be unavailable due to server load. An alternative
ligand binding site is offered: http://www.sbg.bio.ic.ac.uk/3dligandsite/. For more on ligand-
protein binding models, see the In-silico Drug Analysis 1 Skills Center Standard Operating
Procedure on SwissDock.

7.3.For one-to-One threading, only one chain can be processed at a time, so if you
upload a PDB file with multiple chains you will be prompted to select only one of the chains.
Whichever chain is selected will be the chain which is used as a guiding structural template to
make a structure prediction.
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Your PDB file contains multiple (2) chains

One to One Threading can only process 1 chain at a time. Please select the chain you wish to use.

o S TAGRHGDSVRNSKIEISELNRVIQRLRSEIDNVKKQISNLQQSISDAEQRGENALKDAKNKLNDLEDALQQAKEDLARL |
(=61 GBI L RDYQELMNTKLALDLEIATYRTLLEGE
107

a ) S TEIDNNIEQISSYKSEITELRRNVQALEIELQSQLALKQSLEASLAETEGRYAVQLSQIQAQISALEEQLQQIRAETEC
L A ONTEYQQLLDIKIRLENEIQTYRSLLEGE
108

Submit selected chain

7.4.For batch-processing, if the server is only recognizing one protein rather than the
whole batch submitted, make sure the entire FASTA header has been copied and pasted into
the batch text file and not just the amino acid sequence itself.
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9. MODULE MASTERY TASK

Use all the PHYRE2 protein fold recognition programs to attain structural information
about an amino acid sequence.

9.1. Standard Mode: Predict Protein Structure
9.1.1. Using the set of one-letter abbreviations for amino acids, create a random amino
acid sequence to submit for structural analysis. Make sure the sequence is at least
100 amino acids long. Submit the sequence to the standard mode PHYREZ2 engine
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9.2.

9.3.

9.4.

9.5.

and record the results of what structure is recorded from your random sequence, and
what secondary structures correspond to what regions of the sequence. Also make
note of what domain is the highest match to the random sequence and how well it
matches; what general function does this domain serve?

9.1.2. Select a protein with an unidentified structure (using the parameters described
in section 6.1.) that may have a therapeutic implication (for example, a RAS-related
protein as RAS mutations can have implications with cancerous cell division.) Run a
prediction for this sequence. What can PHYRE2 offer as a therapeutic tool?

Expert Mode: One-to-One Threading

9.2.1. Based on literature, choose two proteins with very different functions. Upload
the PDB structure of one, and the amino acid sequence of another (with
unknown structure.) First run the job using a secondary weight of 0.1, then 0.5,
then 0.9. Note with the increasing influence of secondary structure how the
protein’s morphology changed. For the job with 0.1 secondary structure weight,
note if the structure still leans more towards your uploaded PDB structure or if it
takes on a different morphology which may be more characteristic of your
amino acid sequence.

Expert Mode: Batch Processing

9.3.1. Choose at least 5 different protein sequences and submit them for structural
analysis to batch processing. Generally compare the resulting structure of each
protein to its amino acid sequence.

Expert Mode: BackPhyre

9.4.1. Use literature to choose a protein which seems to be relatively conserved

amongst living organisms (some form present in many species today; for example,

myoglobin.) Submit the protein structure to BackPhyre as a PDB file for search against

several genomes; select at least 5 different organism’s genomes. Make note of several

genes which match the protein structure you submitted and what this means about

these gene sequences. Make a short descriptive sentence for each one on what you

can generalize about their structure/commonalities based on the results.

Expert Mode: GenSearch

9.5.1. Choose an amino acid sequence to compare for sequence similarity against at
least 5 genomes. Make a note of at least one match from each species (if there
is one) and how well they match to your amino acid sequence. Indicate what
the amount of matches indicates about your query amino acid sequence. What
beneficial uses can you think of that come with the GenSearch tool?
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