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Module 4: Cellular
I .ocalization Data

Objective
"T'he objectives of this module are:

1. 'T'odetermine if the protein you are annotating is located in the cytoplasm of the cell, embedded in the
cytoplasmic membrane or secreted using TMHMM, SignalP, PSORTb and Phobius applications.

2. To document your search results in the Cellular Localization Module lab notebook.

Materials
"T'o perform this activity you will need:

* Access to the internet on a computer equipped with the most recent version of Firefox (preferred),
Chrome or Safari.

* To have completed the sign up for GENI-ACT described in the Signing Up for GENI-ACT section of
the manual.

Background

"The purpose of this module is to determine where in the bacterial cell the protein encoded by the gene you
are investigating is likely to reside. You will be using multiple tools, some of which have similar functions,
to analyze your protein. In the best case scenario all of the tools will agree and you will have a very
straightforward result. However, on occasion some of the tools will give results that conflict with one
another. In those cases you will need to use your best judgment to determine the likely location of your
protein within Kytococcus, or you will need to conclude that there is not enough data to support a specific
location.

"The tools you will be using include TMHMM (to predict whether or not you have any transmembrane
helixes in your protein), SignalP (to determine if you have a signal peptide in your protein), PSORTD ( uses
a combination of looking for transmembrane helixes and signal peptide sequences to assign the cellular
localization of the protein) and Phobius ( combines the output from TMHMM and SignalP in one
graphical output). In order to understand how these tools work, the meaning of transmembrane helixes and
signal peptides will be discussed.

"The structure of a cell membrane is referred to as a bilayer and is shown in figure 4.1. Phospholipids are

oriented with their hydrophilic (“water loving”) components facing cither the exterior of the cell or the
cytoplasm, both of which are aqueous (water solvent based) compartments. T'he hydrophilic domains of the
phospholipids are the clear circles at the top and bottom of figure. "The colored lines projecting toward the

interior of the bilayer are the lipid (“fat”) components of the bilayer. This creates a hydrophobic (“water
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fearing”) domain. The lipid bilayer creates a barrier to generally prevent movement of substances from
inside the cell to outside or from outside the cell to inside. Proteins in particular must have a mechanism to
be moved from the cytoplasm inside the cell to the exterior if the protein is to be secreted, or to be anchored
within the lipid bilayer if the protein is to reside in the membrane. Proteins that reside in the membrane may
be, for example, transporters, which are involved in the specific transport of molecules from outside of the
cell to in or inside of the cell to out. Proteins that reside in the membrane will characteristically have a series
of approximately 20 hydrophobic amino acid residues that reside in the hydrophobic compartment of the
lipid bilayer forming a transmembrane helix (Figure 4.2.1). Some proteins will pass back and forth through
the membrane multiple times, having multiple hydrophobic transmembrane helixes separated by regions of
hydrophilic amino acids that project to the exterior or interior of the cell ( Figure 4.2). Proteins embedded
in the bilayer are referred to as integral membrane proteins.

Bilayer sheet
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Figure 4.1. The lipid
bilayer
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Figure 4.2. Examples of
transmembrane proteins.
Helixes discussed in this module
- are shown in 4.2.1 and 4.2.2.
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A signal peptide is often present at the amino terminal end of a protein if that protein is meant to be secreted
from the cell. This peptide will target the protein, either directly or by way of an intermediate, to a protein
complex that facilitates the passage of the protein through a channel created in the lipid bilayer (Figure 4.3).
As the protein crosses the membrane, the signal peptide is cleaved off by a specific type of protease (protein
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cutting enzyme) know as a signal peptidase that recognizes a characteristic sequence of amino acids to cut.
"The signal peptide is thus it is not a part of the functional secreted protein.
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4th Edition, page 41 < 3\

The tools in this module take advantage of the knowledge of transmembrane helixes, signal peptides and
signal peptidase recognition sites to determine if the protein being investigated has any of these
characteristics. "Thus a protein that has what looks to be a signal peptide and a signal peptidase cleavage
recognition sequence will likely be a secreted protein. A protein that has one or more transmembrane helix
domains will likely be an integral membrane protein. A protein that has no clear indication of
transmembrane helixes or a signal peptide will likely reside in the interior of the cell (located in the
cytoplasm).

Procedures

PubMed - this tool will demonstrate the use of a free scientific literature database housed at the National
Library of Medicine at the National Institutes of Health. You will use it to identify the Gram stain results
for Kytococcus sedentarius. You will need Gram stain information to enter into some of the other tools used
in this module. Bacteria are classified as being Gram positive (+) or Gram negative (-) and the staining
procedure is one of the fundamental steps in the characterization of a bacterium. Gram staining will stain

PAGE 80 OF 18I



GENI-ACT MANUAL MODULE 4 CELLULAR LOCALIZATION DATA

Gram + bacteria blue and Gram — bacteria red. And example of a common Gram + bacterium is
Staphylococcus aureus, while a common Gram — bacterium is Escherichia coli (also called E. coli for short).
The distinction is important for the tools in this module because of the fact that Gram + bacterial have only
a single membrane separating the cytoplasm from the exterior, whereas Gram — bacteria have an inner
plasma membrane, an extracellular space called the periplasm and then a second membrane that separates
the periplasm from the exterior. Thus when a protein is secreted from a Gram + bacterium it only needs to
traverse a single membrane to move from the interior to the exterior. In contrast, a protein secreted by a
Gram — bacterium must traverse the inner membrane, the periplasmic space and the outer membrane to
reach the exterior of the cell. The mechanism of protein secretion is different for Gram + and Gram —
bacteria as a result. The software tools in this module will use the Gram stain information to determine if
your protein has characteristics that would allow it to be secreted by a Gram + or Gram — bacterium.

You should feel free to use PubMed to search for information about your protein as you move through the
modules, similar to the way you would use Google to search for information in your everyday life. Some of
the papers you will find in a PubMed search are freely downloadable for reading, while others will only have
the abstract of the paper listed. The abstract of a scientific paper is a concise summary of the information
contained in the body of the paper.

1. Click on the following link. http://www.ncbi.nlm.nih.gov/pubmed/.
2. You will be taken to the PubMed start page (Figure 4.4).

8 NCBI Resources ¥ How To @ Sian in to NCBI
P“blmed&m' | PubMed + || Kytococcus sedentarius | —
‘:ii:ﬁ."."&‘;‘i;i’i;’éé‘:ﬂ“”a Advanced Help

' PubMed

PubMed comprises more than 23 million citations for biomedical literature from
MEDLINE, life science journals, and online books. Citations may include links to

PUbMed Commons

PuFMed's new commenting systeny

full-text content from PubMed Central and publisher web sites.

Using PubMed PubMed Tools More Resources
PubMed Quick Start Guide PubMed Mobile MeSH Database

Full Text Articles Single Citation Matcher Journals in NCBI Databases
PubMed FAQs Batch Citation Matcher Clinical Trials

PubMed Tutorials Clinical Queries E-Utilities

New and Noteworthy [ Topic-Specific Queries LinkOut

Figure 4.4. The PubMed entry page. Search terms are placed in the box indicated by the

3. Enter your organism name in the search box as indicated by the arrow in figure 4.4 (Kytococcus
sedentariusis the example used here) and click search.

4. You will see a results window similar to the one shown in figure 4.5.

Scroll down the page looking for publications that have titles that seem like they could have the
information you are looking for. Note the hyperlink for each article and the fact that some of the articles
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will show “free article” or “free PMC article”. These articles can be downloaded or read online in their
entirety.

6. Scrolling down the results showing in figure 4.5, you will see an article at the bottom that was published
to describe the sequencing of the Kytococcus sedentarius genome (arrow figure 4.5).

P“bmedgﬂv PubMed + || Kytococcus sedentarius |
US National Library of Medicine
National Institutes of Health FJRSS Savesearch Advanced Help
Show additional filters Display Settings: (] Summary, 20 per page, Sorted by Recently Added Send to: Filters: Manage Filters
Article types -
Review Results: 15 New feature
More Try the new Display Settings option -
() Comparison on conjunctival sac bacterial flora of the seniors with dry eye in Ganzi autonomous Sort by Relevance
Text availability 1. prefecture.
Abstract available Zhang Y, Liu ZR, Chen H, Fan YC, Duo J, Zheng H, Wang GJ, Li YC, Jiachu DB, Zewang GM.
Free full text available Int J Ophthalmol. 2013 Aug 18;6(4):452-7. doi: 10.3980/].issn.2222-3959.2013.04.08. eCollection 2013. 2 free full-text articles in PubMed -
Full text available PMID: 23991377 [PubMed]  Free PMC Article Central

Related citations Comparison on conjunctival sac bacterial flora of

Publication dates the seniors with dry eye i [Int J Ophthalmol. 2013]

5 years () Vascular homograft use in a femoropopliteal rare bacterial infection bypass. Complete genome sequence of Kytococcus
10 years 2. Dainese L, Saccu C, Zoli S, Trabattoni P, Guarino A, Cavallero A, Spirito R. sedentarius type stra [Stand Genomic Sci. 2009]
Custom range... Int J Artif Organs. 2012 Dec;35(12):1077-9. doi: 10.5301/ijao.5000125. '

. PMID: 23280071 [PubMed - indexed for MEDLINE] Seeall(2)..
Species

Related citations
Humans

Find related data &

_) Calidifontibacter indicus gen. nov., sp. nov., a member of the family Dermacoccaceae isolated from
Clear all 3. ahot spring, and emended description of the family Dermacoccaceae. Datab | Select :
Ruckmani A, Kaur |, Schumann P, Klenk HP, Mayilraj S.

Int J Syst Evol Microbiol. 2011 Oct;61(Pt 10):2419-24. doi: 10.1099/ijs.0.025593-0. Epub 2010 Nov 12.

PMID: 21075908 [PubMed - indexed for MEDLINE]  Free Article
Related citations

Show additional filters

Search details 2
() Peritoneal dialysis-associated peritonitis due to Kytococcus sedentarius. Kytococcus[All Fields] AND
4. Chaudhary D, Finkle SN. sedentarius[All Fields)
Perit Dial Int. 2010 Mar-Apr;30(2):252-3. doi: 10.3747/pdi.2009.00086. No abstract available.
PMID: 20200375 [PubMed - indexed for MEDLINE]  Free Article
Related citations
- . . . . . | Search | See more.
) Kytococcus aerolatus sp. nov., isolated from indoor air in a room colonized with moulds. —
5. Kampfer P, Martin K, Schafer J, Schumann P.
Syst Appl Microbiol. 2009 Aug;32(5):301-5. doi: 10.1016/j.syapm.2009.05.004. Epub 2009 Jun 21. R
PMID: 19541443 [PubMed - indexed for MEDLINE] Recent Activity
\ Related citations Tum Off Clear
Q_ kytococcus sedentarius (15)
) Complete genome sequence of Kytococcus sedentarius strain (541). PubMed
6. Sims D, Brettin T, Detter JC, Han C, Lapidus A, Copeland A, Glavina Del Rio T, Nolan M, Chen F, B Complete genome sequence of Kytococcus
Lucas S, Tice H, Cheng JF, Bruce D, Goodwin L, Pitluck S, Ovchinnikova G, Pati A, Ivanova N, sedentarius type strain (541). PubMed
Mavrommatis K, Chen A, Palaniappan K, D’haeseleer P, Chain P, Bristow J, Eisen JA, Markowitz V, B Peritoneal dialysis-associated peritonitis due
Hugenholtz P, Schneider S, Goker M, Pukall R, Kyrpides NC, Klenk HP. to Kytococcus sedentari _ PubMed
Stand Genomic Sci. 2009 Jul 20;1(1):12-20. doi: 10.4056/sigs.761. Q ﬂf:.?: f’"fb“_cfmm unicator

Figure 4.5. The PubMed results for a Kytococcus search. The arrow indicates a paper likely to be
significant in determining the Gram stain characteristics of Kytococcus.
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7. Clicking on the hyperlink for that article will take you to the abstract of the article, as well as the
opportunity to download or read the full article (Figure 4.6). Within the abstract you will see a
statement of the fact that Kytococcus sedentarius is a Gram + bacterium (oval, figure 4.6). Follow the
same procedure to find a paper describing the Gram stain of your bacterium.

S NCBI  Resources ¥ HowTo @ Sign in to NCBI
Pubmed.gov [ PubMed 1) ]
US National Library of Medici
NionslInsiutes of Health Advanced Help
Display Settings: (¥ Abstract Send to:

PMC Full text
Stand Genomic Sci. 2009 Jul 20;1(1):12-20. doi: 10.4056/sigs.761.
Complete genome sequence of Kytococcus sedentarius type strain (541). Save items =
Sims D, D Bremn T Dener JC, Han C, Lapidus A, Co@land A, Glavma Del Rio T, Nolan M, Chen F Lucas S Tice H, Cheng JF, Bruce D, Goodwin L, Pitiuck S ¥r Add to Favorites -

, Eisen JA, Markowitz V, Hugenholtz P, Schneider

S, Goker M, Pukall R, Kmndes NC Klenk HP.

Abstract Related citations in PubMed &
Kytococcus sedentarius (ZoBell and Upham 1944) Stackebrandt et al. 1995 is the type strain of the species, and is of phylogenetic interest because
of its location in the Dermacoccaceae, a poorly studied family within the actinobacterial suborder Micrococcineae. Kytococcus sedentarius is known
for the production of ollgcketlde anhbﬁoncs as well as for its role as an opportunistic pathogen causing valve endocarditis, hemorrhagic pneumonia,
and pitted keratolysis. It is s| n only grow when several amino acids are provided in the medium. The strain described in this report
is a free-living, nonmotile Gram e bacterium Yoriginally isolated from a marine environment. Here we describe the features of this organism,

Complete genome sequence of Brachybacterium
faecium type strain (S [Stand Genomic Sci. 2009]

Complete genome sequence of Beutenbergia
cavernae type strain (I [Stand Genomic Sci. 2009]

together with the complete gend T and annotation. This is the first complete genome sequence of a member of the family Cgmplete genome sequence of Aclingsynr_lema
Dermacoccaceae and the 2,785,024 bp long single replicon genome with its 2639 protein-coding and 64 RNA genes is part of the Genomic mirum type strain (101[Stand Genomic Sci. 2009]
Encyclopedia of Bacteria and Archaea project. Complete genome sequence of Catenulispora
acidiphila type strain ( [Stand Genomic Sci. 2009]
KEYWORDS: D aerobic, free-living, marine, i st i Complete genome sequence of Jonesia

denitrificans type strail [Stand Genomic Sci. 2009)]
PMID: 21304632 [PubMed] PMCID: PMC3035214 Free PMC Article
See reviews...

Images from this publication. See all images (4) Free text = Seeall...

Cited by 78 PubMed Central articles —

Biochemical Properties of Ectoine Hydroxylases
from Extremophiles and Their \ [PLoS One. 2014]

Complete genome sequence of the halophilic
and highly halotoleran [Stand Genomic Sci. 2011]

«

The state of standards in genomic sciences.
[Stand Genomic Sci. 2011]

LinkOut - more resources

Figure 4.6. The abstract from the article indicated in Figure 4.5. A statement that
Kytococcus is Gram + is indicated by the oval.
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8. Go to the notebook for your gene and record the Gram stain results for your organism (Kytococcus
sedentarius again used as an example)(Figure 4.7).

Module Instructions

Gram Stain

go to NCBI Pubmed at http://www.ncbi.nim.nih.gov/pubmed

Gram stain of the microbe El

TMHMM
go to TMHMM at http://www.cbs.dtu.dk/services/TMHMM

Number of predicted transmembrane helices B
Transmembrane topology graph E

Comments/observations E

Figure 4.7. The cellular localization module notebook showing Gram stain and TMHMM
areas to be filled in.
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TMHMM - as noted in the introduction to this module, TMHMM will determine if any transmembrane

I.

2.

helix domains exist in your protein. The presence of helixes will suggest your protein is an integral
membrane protein. The lack of helixes would indicate that your protein is NOT an integral
membrane protein.

Go to the TMHMM start page by clicking on the following link:
http://www.cbs.dtu.dk/services/ TMHMMY/ (Figure 4.8).

NEWS cBs cBs PUBLICATIONS EDUCATION
CENTERFO
RBI OL’O Gl PREDICTION DATA
CALSEQU e e
ces BIOINFORMATICS COURSES BIOINFORMATICS
LY S | S CBS TOOLS LINKS

SERVERS SETS

CBS >> CBS Prediction Servers >> TMHMM

TYII9071018 ¥O4 ¥ILNID

TMHMM Server v. 2.0

Prediction of brane heli in proteins

NOTE: You can submit many proteins at once in one fasta file. Please limit each submission to at most 4000 proteins. Please tick the 'One line per protein' option. Please leave time between each large
submission.

Instructions
SUBMISSION

Submission of a local file in FASTA format (HTML 3.0 or higher)
Browse... | No file selected.

OR by pasting in FASTA format:

NLANUVHNIAH0 A

Output format:
(®) Extensive, with graphics
(_)Extensive, no graphics
(_)One line per protein

Other options:
[_) Use old model (version 1)

| Submit | | Clear |

Figure 4.8. The TMHMM start

Paste the sequence in FASTA format in the submission box. Make sure the Extensive with graphics
button is highlighted below the submission box and click on submit.

You will see one of two general forms of results for your protein as indicated in figures 4.9 and 4.10. In
the event that your protein does NO'T have any predicted transmembrane helixes, the results will look
essentially as indicated in figure 4.9. No helixes are indicated in the text output (arrow in figure 4.9) and
the graphic shows 3 parallel lines. Remember, this tool ONLY predicts the presence of transmembrane
helixes. It DOES NOT tell you anything else about the location of your protein. Sometimes students
tend to interpret negative results such as those shown in Figure 4.10 as predicting the protein is secreted,
which is an incorrect interpretation. If your protein does have a transmembrane helix or multiple helixes,
you will see results similar to those shown in figure 4.10. The text output will indicate the number of
predicted helixes, and the graphic will show the position(s) of the helix or helixes in your protein (thick
red lines), as well as a prediction of what portions of the protein are inside (blue line) vs. outside (red
line) of the membrane. Note that the program will sometimes label a signal peptide as a transmembrane
helix, which may also adversely affect the prediction of which portions of the protein are inside or outside
of the cell.
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TMHMM result
HELP with output formats
# 644990854 Length: 346 i i
# 644990854 Number of predicted TMHs: 0 A No helixes predICted
# 644990854 Exp number of AAs in TMHs: 0.02189
# 644990854 Exp number, first 60 AAs: 0.02095
# 644990854 Total prob of N-in: 0.01709
644990854 TMHMM2 . 0 outside 1 346
TMHMM posterior probabilities for 644990854
1.2 T
1
08
z
E
= 06
o
a
04
0.2
0
S0 100 150 200 250 300
ppmtogif: computing colormap... ppmtogif: 5 colors found transmernbrane inside outside
# plot in postscript, script for making the plot in gnuplot, data for plot

Figure 4.9. A TMHMM results page. No transmembrane helixes are identified.

TMHMM result

HELP with output formats

# 644990483 Length: 209

# 644990483 Number of predicted TMHs: 3 h . .

# 644990483 Exp number of AAs in TMHs: 76.36587 3 Hellxes Predlcted
# 644990483 Exp number, first 60 AAs: 30.66102

# 644990483 Total prob of N-in: 0.35264

# 644990483 POSSIBLE N-term signal sequence

644990483 TMHMM2 . 0 outside 1 40
644990483 TMHMM2 . 0 TMhelix 41 60
644990483 TMHMM2. 0 inside 61 66
644990483 TMHMM?2 . 0 TMhelix 67 85
644990483 TMHMM?2 . 0 outside 86 99
644990483 TMHMM2 . 0 TMhelix 100 122
644990483 TMHMM2 . 0 inside 123 209
TMH posteridprobabilities for 644990483
1.2

[N
1
08
z
g eer ( \
[<3 L . 1
Q b 4 |
04
f Y i I
0.2 || | ' ) '
L
180 200
ppmtogif: computing colormap... ppmtogif: 5 colors found transmembrane inside outside

# plot in postscript, script for making the plot in gnuplot, data for plot

Figure 4.10. A TMHMM result predicting 3 transmembrane helixes.
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4. Once the results are obtained and they have been analyzed, Snip or Capture the image and associated
text file and save it as a jpg.

5. Enter the image in your lab notebook under the TMHMM topology graph section (Figure 4.7) and
enter your interpretation of whether or not transmembrane helixes are present in the comments box.

SignalP - as indicated in the introduction to this module, SIGNALP will analyze your protein sequence the
predict whether or not a signal peptide is present. The presence of a signal peptide will suggest that your
protein is secreted from your bacterium into the surrounding medium.

6. Click on the following link. http://www.cbs.dtu.dk/services/SignalP/ .

7. 'This will take you to the SignalP start page (Figure 4.11) where you will past the FASTA formatted
amino acid sequence of your protein into the submission box. Be sure to select the appropriate Gram
stain option as well (arrow, Figure 4.11). And then click submit.

RESEARCH cBS cBS PUBLICATIONS EDUCATION
CENTERFO GROUPS PREDICTION DATA
(R: E [LOSLEOQGLIl SERVERS SETS
ENCEANA STAFF CONTACT ABOUT INTERNAL CBS cBs OTHER
LYSI S c BS cBS BIOINFORMATICS COURSES BIOINFORMATICS
TOOLS LINKS

CBS >> CBS Prediction Servers >> SignalP 1

SignalP 4.1 Server

SignalP 4.1 server predicts the presence and location of signal peptide cleavage sites in amino acid sequences from different organisms: Gram-positive prokaryotes,
Gram-negative prokaryotes, and eukaryotes. The method incorporates a prediction of cleavage sites and a signal peptide/non-signal peptide prediction based on a
combination of several artificial neural networks.

SISATYNY 3ON3N03S TVOIS0 1018 ¥O4 ¥3LNID

View the version history of this server. All the previous versions are available on line, for comparison and reference.

New: SignalP has been updated to version 4.1 with two new features:
 an option to choose a D-score cutoff that reproduces the sensitivity of SignalP 3.0 (this will make the false positive rate slightly higher, but still better than that of
. igsgllsrr?i.zcgble minimum length of the predicted signal peptide (default 10).

Additionally, the documentation has been rewritten. The Instructions page is expanded, the Output format page has been clarified, and there are new Performance and
FAQ pages.

| FAG [ Adicleabstracts |  nstructions |  Outputformat |  Pedormance |  Data | Figure 4.11.
SUBMISSION The SignalP
Paste a single amino acid sequence or several sequences in FASTA format into the field below: start page.

NLANYVYHNIQ 40 ALISHIAINN TVOIINHOAL &

Submit a file in FASTA format directly from your local disk:
Browse... | No file selected.

O[ganlsm group (explain) D-cutoff values (explain) G(aphlcs output (explain)
() Eukaryotes (=) Default (optimized for correlation) (_)No graphics
() Gram-negative bacteria () Sensitive (reproduce SignalP 3.0's sensitivity) (®) PNG (inline)

(®) Gram-positive bacteria (_)PNG (inline) and EPS (as links)

() User defined:
0.57 | D-cutoff for SignalP-noTM networks

0.45 | D-cutoff for SignalP-TM networks

Output format (explain) Method (explain) Positional limits (explain)
(® standard () Input sequences may include TM regions Minimal predicted signal peptide length. Default: 10
(_)Short (no graphics) (_ Input sequences do not include TM regions N-terminal truncation of input sequence (0 means
(_Long no truncation).
Q lr\‘lilc-s)SignaIP-noTM and SignalP-TM output (no Default: Truncate sequence to a length of 70 aa
grap

| Submit | | Clear fields |
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8. You will see a graphical output for your results as well as a table of score values. "The scores and their

meaning are described below (taken directly from the SignalP output description page at
http://www.cbs.dtu.dk/services/Signal P/output.php ).

9. DESCRIPTION OF THE SCORES

I.

2.

A. The neural networks in Signal P produce three output scores for each position in the input sequence:
Crscore (raw cleavage site score)

1. The output from the CS networks, which are trained to distinguish signal peptide cleavage
sites from everything else.

2. Note the position numbering of the cleavage site: the C-score is trained to be high at the
position immediately after the cleavage site (the first residue in the mature protein).

S-score (signal peptide score)

1. The output from the SP networks, which are trained to distinguish positions within signal
peptides from positions in the mature part of the proteins and from proteins without signal
peptides.

3. Y-score (combined cleavage site score) A combination (geometric average) of the C-score and the

slope of the S-score, resulting in a better cleavage site prediction than the raw C-score alone. This is
due to the fact that multiple high-peaking C-scores can be found in one sequence, where only one is the
true cleavage site. The Y-score distinguishes between C-score peaks by choosing the one where the
slope of the S-score is steep.

10. The graphical output from SignalP shows the three different scores, C, S and Y, for each amino acid

II.

12.

position in the sequence. Note that the entire amino acid sequence for your protein will not be shown in
the graphic. As a signal peptides reside at the amino terminus of proteins, only the most amino terminal
amino acids in your sequence will be shown.

In the summary below the plot, the maximal values of the three scores are reported. In addition, the
following two scores are shown:

mean S- The average S-score of the possible signal peptide (from position 1 to the position immediately
before the maximal Y-score).

D-score (discrimination score)- A weighted average of the mean S and the max. Y scores. This is the
score that is used to discriminate signal peptides from non-signal peptides, and must reach a threshold
value of at least 0.45 to be significant.

There will also be a statement (Yes or No) next to the D score as to whether there is a signal peptide
present. If one is present there will also be text describing between which amino acid residues the
cleavage by the signal peptidase is predicted to occur.

For non-secretory proteins all the scores represented in the SignalP output should ideally be very low
(close to the negative target value of 0.1)

. In practice, a positive result for a signal peptide will show the S-score high at the amino terminal portion

of your protein and the Y and C scores low in the same region. You will then see the S score drop
abruptly (indicating the amino acid position at which the signal peptide domain no longer exists). You
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will then see an abrupt rise in the Y and C scores at the nearly the same amino acid residues that you see
the sharp drop in the S score.

14. Figure 4.12 shows an example output from a protein where a signal peptide IS NOT predicted to exist,
and Figure 4.13 shows an example output from a protein where a signal peptide IS predicted to exist.

CENTERFO
RBIOLOGI
CALSEQU
ENCEANA
LYSIS CBS

SignalP 4.1 Server - prediction results

Technical University of Denmark

# SignalP-4.1 gram+ predictions

>644990730 YP_003148273 glycine_D_amino acid oxidase, deaminating _Kytococcus sedentarius DSM 20547_ NC_01316

SignalP-4.1 prediction (gram+ networks): 644990730

" C-score’
10 S-score
Y-score
08
06
<4
g A
@ 04} A\ /V
JAY;
/
A’)\"\/\./\L/\/’ \
0.2 | E
TR
e A i
MSDQNFPTRARVVYV |GGGVMGLSTAYHLAKQGVQDVV LV ERGELGAGST CKAAGGV RAQFSDAVN | ELGH
n n L L n L
0 10 20 30 40 50 60 70
Position
# Measure Position Value Cutoff signal peptide?
max. C 0.190
max. Y 28 0.206
max. S 27 0.488
mean S 1-27  0.282 K
D 1-27 0.236 0.450 NO
Name=644990730 SP='NO' D=0.236 D-cutoff=0.450 Networks=SignalP-TM
# data

# gnuplot script

Figure 4.12. A SignalP
output indicating that no signal
peptide is present
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CENTERFO SignalP 4.1 Server - prediction results
CALSEQU
ENCEANAT  Technical University of Denmark
LYSIS CBS
# SignalP-4.1 gram+ predictions
>644990694 Y¥YP_003148238 ABC_type dipeptide_oligopeptide_nickel transport system, ATPase _Ky d ius
SignalP-4.1 prediction (gram+ networks): 644990694
' ' i ' " Cscore’ —— .
10| S ecore ] Figure 4.13. A
Y. R .
o SignalP output
08 .
showing the presence
06 | fh'\ ] of a signal peptide.
2 T AR See text for
o 04ty 1 . .
\ / \/ I‘\ja discussion.
\
AR ‘% JBVEN
oo I
MSAAARVAGLSVRLPVSGGRSWVHAAHAVD LELHT GRVHALVGESGCGKS | LASVL IGLLPAGTQVAGA
0 10 20 30 40 50 60 70
Position
# Measure Position Value Cutoff signal peptide?
max. C 26 0.586
max. Y 26 0.531
max. S 18 0.681
mean S 1-25 0.429
D 1-25 0.491 0.450 YES
Name=644990694 SP='YES' Cleavage site between pos. 25 and 26: VHA-AH D=0.491 D-cutoff=0.450 Networks=SignalP-TM
# d
# g::;aglc'. script

5. Determine whether your protein has a signal peptide by analysis of the graphical output and add the
results to the lab notebook (Figure 4.14). If no signal peptide is predicted, type “ no signal peptide
predicted” in the signal peptide probability box. If one is predicted, write the probability of there being
one in the box (the value is 0.491 in the example shown in figure 4.13; found immediately after the
statement of where the likely cleavage site is located and in the table after D score). "The probability
must be greater than 0.450 for a signal peptide to be predicted.

16. Once the results are obtained and they have been analyzed, Snip or Capture the image and associated
text file and save it as png.

17. Be sure to save your

notebook

periodically by SignalP

Clicking on the save go to SignalP at http://www.cbs.dtu.dk/services/SignalP

button at the Signal peptide probability =

bottom of th? Figure 4.14. The
module section.

SignalP notebook.
Most likely cleavage site (between position # and #) E]

Signal peptide graph B
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PSORTD - this tool will analyze your sequence and attempt to predict whether your protein is soluble in the
cytoplasm, an integral membrane protein or a secreted protein.

1. Go to http://www.psort.org/psortb/ . This will take you to the PSORTb start page (Figure 4.15).

Submit a Sequence to PSORTDb version 3.0.2

Based on a study last performed in 2010, PSORTb v3.0.2 is the most precise bacterial localization prediction tool
available. PSORTD v3.0.2 has a number of improvements over PSORTD v2.0.4. Version 2 of PSORTD is maintained
here.

You can currently submit one or more Gram-positive or Gram-negative bacterial sequences or archaeal sequences
in FASTA format (2). Copy and paste your FASTA-formatted sequences intc the textbox below or select a file
containing your sequences to upload from your computer. Web display mode is limited to the analysis of
approximately 100 proteins. For larger analyses, either enter your email address in the form below (results of up to
5000 per submission returned by email) or for even larger analyses we can help you or you can download the
standalone version.

See also:

* Updates

® Precomputed genome results
* Limitations of PSORTD v.3.0

® PSORTD User's Guide

* Download standalone PSORTb

g::o&;an LT Bacteria  + | Required iilg;lf 5 4 15 .
Choose Gram stain (?): [ Positive  : | Required

Output format (2): | Nermal ) PSORTb
Show results (?): [ Viatheweb = start page.

Copy and paste your FASTA sequences below

or upload from file: Browse... | No file selected.

(uploads limited to 50KB, approximately 100 proteins, in Web display mode, enter an email address to use email
mode if you need to analyze more proteins)

| Submit | [ Clear |

This is the most current version of the PSORTD program for bacterial protein subcellular localization prediction.
PSORTD v3.0 now handles archaeal sequences as well as Gram-positive and Gram-negative bacterial sequences.
Plus, it has several other improvements. Version 2 of PSORTD is maintained here (but we strongly recommend
using version 3.0! ;-). If you are looking for a eukaryotic localization predictor, please visit psort.org to access other
resources.
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Paste the amino acid sequence in FASTA format into the space provided on the webpage.
Select the type of organism your amino acid sequence belongs to.

Select the appropriate Gram stain for your bacterium (Gram positive or Gram negative).
Select normal output.

Select show results via the web.

Click submit.

Record all the data into the notebook (cytoplasmic, cytoplasmic membrane, cell wall, and extracellular
scores) (Figure 4.16). If any one score is greater than 7.5 it will be the final predicted location for your
protein. If no score is greater than 7.5 the prediction may be that the protein can exist in multiple sites.

If all scores are equal then PSORTb is unable to assign a final predicted location.

Submit Sequences | Documentation | Resources | Contact | Updates

Click here on your results page

to get an explanation of the report

SeqID: 644990694 YP 003148238 ABC-type dipeptide/oligopeptide/nickel transport system, ATPase component [Kytococcus sedentarius DSM 20547: NC_013169
Analysis Report:

PSORTDb Results (Click here for an explanation of the output formats) ¢

CMSVM+ Unknown [No details)
CWSVM+ Unknown [No details)
CytoSVM+ Unknown [No details)
ECSVM+ Unknown [No details)
ModHMM+ Unknown [No internal helices found)
Motif+ Unknown [No motifs found]
Profile+ Unknown [No matches to profiles found])
SCL-BLAST+ CytoplasmicMembrane [matched 6€1218941: Oligopeptide transport ATP-binding protein amikE)
SCL-BLASTe+ Unknown [No matches against database)
Signal+ Unknown [No signal peptide detected])
Localization Scores:
Cytoplasmic 0.17
CytoplasmicMembrane 9.51 K . : . — :
Cellwall 0.16 Localization scores and final prediction for location.
L]

Extracellular .15
Final Prediction: (
CytoplasmicMembrane 9.51

Figure 4.16. A PSORTD results page.
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9. Record the PSORT final prediction in the notebook (Figure 4.17). Note that if you have a Gram +
bacterium, that you will not get an outer membrane score or a periplamsic score (recall that only Gram -
bacteria have an outer membrane and periplasmic space). Simply write “NA” for Not Applicable in the
notebook for OuterMembrane and Periplasmic scores for Gram + organisms.

PSORT-B
go to PSORT-B at http://www.psort.org/psortb

Cytoplasmic score El
CytoplasmicMembrane score B
Cellwall score E

Periplasmic score E
OuterMembrane score El
Extracellular score E

PSORT-B final prediction E

Figure 4.17. The PSORTDb notebook page. You will not obtain an outer membrane or
periplasmic score for Gram + bacteria (see text).
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Phobius — this tool will combine the results of TMHMM and signalP in one output and acts as a
confirmatory test for transmembrane helixes and signal peptides.

1. Go to http://phobius.sbe.su.se/. "This will take you to the Phobius start page (Figure 4.18).

aolm 4 ]
Phobius

<
A
e)..,‘
)

Y, <
/"’g s\ A combined transmembrane topology and signal peptide predictor

“ioyu

POST NEBULA pHOBIUS

Normal Constrained
prediction  prediction

PolyPhobius Instructions Download

Mirror site at
KU

Normal prediction

Paste your protein sequence here in Fasta format:

Or: Select the sequence file you wish to use | Browse... | No file selected.
Select output format:
() Short

(O Long without Graphics
@ Long with Graphics

Submit Query Reset |

Figure 4.18. The Phobius start page.

2. Paste the amino acid sequence in FASTA format into the space provided.

3. Select long with graphics.

4. Click submit. You will see an output as illustrated in Figure 4.19. The red line indicates the probability
of a signal peptide and the blue and green lines indicate portions of the protein that are non-cytoplasmic
(extracellular) or cytoplasmic (intracellular), respectively. Figure 4.19 is the same protein used to
demonstrate the presence of a signal peptide with the signalP tool above. Note that Phobius also
identifies the signal peptide and predicts that the protein will be non-cytoplasmic (extracellular or
secreted).
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Phobius prediction

Prediction of 644990694

iD 644990694
FT TOPO_DOM 1 328 NON CYTOPLASMIC.
/7

Phobius posterior probabilities for 644990694
1 T T T T T T

eer ] Figure 4.19. A Phobius
output showing the
presence of a signal
peptide. See the text
for an explanation.

0.6 1

Posterior label probability

0.2 1

50 100 150 200 250 300

transmembrane cytoplasmic === non cytoplasmic === sighal peptice e

The probability data used in the plot is found here, and the gnuplot script is here.

5. Figure 4.20 shows the Phobius results for the same protein used to demonstrate what transmembrane
helixes look like in TMHMM (see figure 4.10). In this example we see how the two tools can disagree.
Phobius identifies 5 helixes instead of the 3 identified by TMHMM. If you compare the images you will
see that two helixes that did not meet the cutoff in TMHMM are the ones predicted to be helixes by
Phobius.
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. . .
Phobius prediction
Prediction of 644990483
D 644990483
FT TOPO_DOM 1 18 NON CYTOPLASMIC.
FT TRANSMEM 19 36
FT TOPO_DOM 37 42 CYTOPLASMIC.
FT TRANSMEM 43 60
FT TOPO_DOM 61 65 NON CYTOPLASMIC.
FT TRANSMEM 66 85
FT TOPO_DOM 86 96 CYTOPLASMIC.
FT TRANSMEM 97 117
FT TOPO_DOM 118 136 NON CYTOPLASMIC.
FT TRANSMEM 137 155
FT TOPC_DOM 156 209 CYTOPLASMIC.
//

Phobius posterior probabilities for 644990483
1 T T T

0.8

0.6

0.4

T
1

Posterior label probhability

T

0.2

!!!!mn:lm. d KT .fn h.mmn!!mem.”m

50 100 150 200

<

transmembrane cytoplasmic === non cytoplasmic === sisnal peptide s

The probability data used in the plot is found here, and the gnuplot script is here.

Figure 4.20. A Phobius output showing the presence of 5
transmembrane helixes. See the text for details.
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6. Capture the graphical output in an image and save it to your notebook (Figure 4.21).

Module Summary — the last entry in your notebook, as shown in figure 4.21, is where you will state your
hypothesis of where your protein is located. ILook at all the results from the different tools to come to your
conclusion. You can point out if there are differences in the results between the tools (for instance the
difference in the number of helixes for the protein above in TMHMM vs. Phobius) here as well. Do not
simply write that it is cytoplasmic or non-cytoplasmic, but rather write a brief explanation of why you think it
is in that location. If you are unable to come up with a location for your protein, you can state that as well,
along with an explanation of why you cannot determine the location.

Phobius
go to Phobius at http://phobius.sbc.su.se

Phobius probability graph El

Hypothesis

Based on the results of these tools, where do you expect to find this protein? B

Figure 4.21. The Phobius and final hypothesis notebook sections
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