Editing Pathway/Genome Databases

By Ron Caspi

ron.caspi@stri.com

- Database Collection

This presentation can be found at

http://_bioinformatics.ai.sri.com/ptoolsltutorial/sessions/curation/
Curation of genes, enzymes and Pathways/

A lot more information is available in the Curator’s Guide, at
https://bioinformatics.ai.sri.com/ptools/curatorsquide.pdf
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Pathway Tools in Editing Mode

The database can be accessed by two distinct modes
* The Navigator allows limited interaction with the DB

« The Editors allow complete modification of the DB

Editing is available in Desktop mode only

curator
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Installing H. Pylori PGDB

In order to be able to perform editing, you must
have a PGDB other than MetaCyc or EcoCyc

installed on your system.

In the following exercises we will be using the PGDB for

Helicobacter pylori 26695.

To install this PGDB: open the PGDB Reqistry
(Tools — browse PGDB Registry)

Type pylori and hit Enter

Double-click on Helicobacter Pylori 26695 to move it to the

bottom field, then click on “Fetch and install selected PGDBSs".

Click all OK buttons until it is installed, then close the Registry by

clicking the Cancel button.
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Saving/Undoing Changes

The user must save changes explicitly

» File => Save Current DB (Control-S works to0)
or
e Save DB button on upper right

“Undo” is called Revert Current DB in Ptools lingo. It only works with
unsaved changes, and it reverts all unsaved changes (no step-by step
undo).

Storing databases in MySQL or Oracle enables the following commands:
» List Unsaved Changes in Current DB

* Checkpoint Current DB Updates to File
» Restore Updates from Checkpoint File
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Other Editing-related DB commands
under the File menu

Create new version for selected DBs (and modifies the default-
version file to have the new version opened automatically)

Save DB as (makes a new copy that can be opened in the same
session as the source PGDB)

Refresh All Open DBs (only MySQL/Oracle DBs)

Delete a DB
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Classes and Instances

Instance frames describe specific

objects (e.g. L-lysine)

,10-epoxy-18-hydroxystearate)

'9,10-epoxystearate
y
4|

]

'9,10-12,13-diepoxyoctadecanoate,

|(12Z,15Z)-8,10-epoxyoctadeca-12,15-dienoate|

|(82,152)-12,13-epoxy-octadeca-3,15-dienoate|

'¢|(82,122)-15, 16-epoxyoctadeca-9,12-dienoate|

'9,10-epoxy-12-cis-octadecenoate

Class frames describe groups of

a small molecule] = [an acid] —=-[all carboxy acids| = [a carboxylate| = [a fatty acia| = [an epoxy fatty acid|

biological objects (e.g. “an amino acid”)

Classes can contain other objects, while

instances can’t

Every compound with an “R” in its

structure should be a class

Proteins or modified proteins that are
substrates of MetaCyc reactions are

always classes

OH

arsenate
a reduced glutaredoxin

‘I(ZE,BEH1 0R,115)-10,11-epoxy-3,7,11-trimethyitrideca-2 6-dienoate

'*[12,13(8)-epoxyinalenate|

" |8,10-2poxy-10,12Z-octad

leukotriene A4,

I4(5}epnxyf1 TR-H-docosahexaenoate

[7(81-epoxy-17R-H-do ]

[4(5}-epoxy-175-H-do ]

[718)-epoxy-175-H-do ]

'I(‘JZ}-U 35)-12,13-epoxyoctadeca-9, 11-dienoate

R-1,2-
a 1,2-epoxypropane| < |R11:2-cpaxypropane]

*|(5)-1,2-epoxypropane|

0 0

[y

/ﬂ\ H H [
0 —_— o” “R + coenzyme A + H*

an acyl-CoA a carboxylate

c|)- I i HoL [a glutared i1"NH o}
- NH MH MH As [a glutaredaxin]
0=As—0 o NHJ\N’ \A\NH B W | NH NE H:0
+ [a glutaredoxin] 5 5 [a glutaredoxin]  + —_— oH + 0 NH MH [a glutaredoxin)  + Hz
o] o}

arsenite
an oxidized glutaredoxin
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Object Names and Frame Names

* The frame name (also known as frame ID) is a unique ID of the object within the

database. Instance frame IDs are usually assignhed automatically and are not
intended for human consumption.

Examples: -23 QT-7 0-555 -387 1-345.

The describes the type of object. Frame names generated in a PGDB other
than MetaCyc include one or two characters that identify the source database.

Legacy objects in Pathway Tools (created before current naming standards)
usually deviate from these guidelines.

» Class frame names are usually created by humans and use language. E.qg.
Thioglucosides, Amino-Acid-Biosynthesis.

* Object names include common names and synonyms. They are useful for both
humans and computer searches. Unlike frame IDs, names may be not unique.
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There are many, many Pathway Tools Editors

PGDB Info Editor

Compound Editor and Compound Structure Editors
Reaction Editor

Pathway Editor, Pathway Info Editor

Signaling Pathway Editor

Protein Editor and Protein Subunit Structure Editor
Synonym Editor

Publication Editor
Curator/Organization Editors
Gene Editor
Isoform/Coding-Segment Editor
RNA Editor

Transcription Unit Editor
Regulatory Interaction Editor
External Database Editor
Organism Editor

Frame Editor

Ontology Editor
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Invoking the Editors
Creating a new Object:

Use the New command under
certain top menus, or the Create
command under the File menu

Impork

Regulatory Interaction
Publication

External Database Description
Curatar

Crganization

Qrganism

Editing an existing
Obiject:

Right-Click on the
any clickable name,
select Edit, then the
appropriate editor

10

IlRight-click

Chonse aperation for FORMASS P

Elit i
Motes:
Shiowy
-
1] L+ -

——

left-click
on “Edit”
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Choose operation for FORMASS-PRYY

Pathracay Editor =
Patheacay Info Editor

Framme editar

Synoryim editar

Relationships editor

Ortology editor

Copry frame name to clipbosard

Add pathyavay to File Export List

Create frame

Delete frame

al 2




Determined by the Author Credit System, permanent

11

Author Credit System

Assigning author credit is the only way to
ensure information about the origin of a
frame is maintained, even if the frame is
exported to other databases.

Author credit is not properly stored unless a
curator frame with login information has
been created, and the login information
was specified as a username under
Preferences.

GIEN Overviews Pathway FReaction Protein RMA  Gene  Compound  Chromosome  Tools  F

summarize Databases CTRL+h ‘ Harme “ ‘ Back H ‘ Forward ”
Summarize Current Crganism
Refresh DB List
List Unsaved Changes in Current DE
Revert Current DB... aene
Refresh All Open DEs Transcription Unit -
Checkpaint Current DB Updates to File Protein
Restore Updates from Checkpoint File, .. RMA
Create Mew version for Selected DBs Reaction
Celete a DB, .. Pathway
Save Current DB CTRL+5 Compound
Attempk to Reconnect ko Database Server.., Requlatory Interaction
Print CTRL4+p Publication N
External Database Description
Expoark 3
Qrganization

Exit

CTRL+q [

Determined by Windows login, not permanent sy  Created by: caspi on 12-Aug-2009

q Credits:

Created 12-Jun-2013 by Hoowver JE, FBI
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Organization and Curator Editors

User ID must be longer than 3 characters

If your User ID should be different from your workstation
login, specify it under Preferences -> User ID (see next
slide).

e X

First name: I Edgar
Widdle name: I J.

Last name: IHower

E-mail address: | hoover@fbi_gov

User ID (i.e. login name): Iedgar

\Affiliations: Select/Change

Current selection{s): FBI

Summary: | The first Director of the Federal Bureau of Investigation (FBI). An avid user of Pathway Tools.

FRAME

(]
L;
w

Create/Search Citation |

Hyperlink |

Spelicheck |

0K| Cancel |
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Specifying the User ID

Tocls  Help

Answer List

Browse PGDE Registry
Consistency Checker
Dead-end Metabolite Finder...
Chokepoint Reaction Finder...
MetaFlux...

History

Instant Patch

MultiOmics Explainer
Ontology Editor

Pane

Pathologic

Preferences

Prepare BLAST Reference Data
Propagate MetaCyc Data Updates
Publish DBs

Regulatory Metwork...

Search

Reachability Analysis...
Upgrade Schema of All DBs

CTRL+t

Layout of Window Panes
Colors

Text Font Size

Citation Reference Style

Cellular Overview Display
Pathway Display
Reaction Display
SmartTables

History and Answer Lists
Omics Popups

Database Sharing
Preferred Database
UserlD

Save
Restore Saved Preferences

Restore Defaults

This needs to be done only if
the Pathway Tools User ID
has to be different from the
workstation login.

E (General Preferences

>

Enter username to be used in relational database transactions: I edgar

DEFALLT means use the username defined by operating system, namely Ron.

Cancel

0K
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The Compound Editor

Create or edit a o] 2 e A

all ¥ >a glycan-»a derivat ‘sugar phosphate->a sugar

CO m po u n d (b ut n Ot itS (Common Hame: [ &beta--D-fructose 1.6-bisphosphate

[synonyms:

fructose 1,6-biphosphate Make this the Common Name
Stru Ctu re fructose 1,6-bisphosphate

Make this the Common Name

D-fructos 1,6-bisphosphate Make this the Commen Name

FBP Make this the Commen Name

Specify Class
Common Name and oo |

Systematic name: |

=1 name: | N-1 name: [ N name:
Synonyms ] |
Summary: | The &beta;-D-form of fructose 1.6-bisphosphate is a very common metabaolite.
. .
crs
Comments, citations
FRAME

Links to other DBs i

Links to other databases:

Database 1] Relationship E
L4F 1260 -] Ifdp |55me Entity
HNDB ] [FHMDBO0105¢ [Same Entity
[[chemspiger | [4574223  [samenity

PubChem-compound v | |5450755 |same entiy

Ll Lof Lef Lad Lof Lol Lo Laf L

ChEBI - [32966 |same entiy
[Wikipedia - [Fructose 1, ISame Entity
KEGG LIGAND - [coozsa Isama Entity
cAS - [488-69-7 Isama Entity
- | | ISame Entity

Does this compound have no plausibke structure >
Credits: Date Curators Organizations
[ |

Cument s=izctian(=). Current sal=stioniz): v

ok | cancel |
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More Compound Editing s

Compound Editor A

Clazs Editor
Frame Editor

« Pathway Tools supports the Marvin JS structure | Soree

Relationships Editor

editor, produced by ChemAxon, which needs to 0 r

. 4 Marvin JS Compound Structure Editor

be Obtal nEd from them . 4 Deprecated Marvin (Java Applet) Compound Structure Editor
Imp Structure from Molfile_..

Import Compound Structure from ChEBL...

Export Compound Structure to Molfile. ..

i . Merge Frames. ..
https://chemaxon.com/products/marvin-js Propagate Compound to DB...

Add Object to SmartTable

Add Object to File Export List

Duplicate Frame and Edit

http://bioinformatics.ai.sri.com/ptools/installation- Create Frame
guide/released/marvin-js.html Pekte Frame v

£ >

Ubiquinols : an ubiquinol

DEESCXEE&®0 0

Other commands:

« Export/Import to Mol files
e Import from ChEBI A N
e Exporting to other DBs N :

e Merging 5 _'
e Duplicate Frame and Edit o, g

2 0OGO0

Marvin JS Editor
To use the editor, please enable JavaScript in your WWW browser.

Will write back the structure into frame |Ubiquinols o
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The PGDB Info Editor

To access: go to the PGDB home
page (click on the Home button,

then on the organism name)

Right-click the organism name, and
choose Edit — PGDB Info Editor

This is the place to:

- Specify PGDB authors
- Modify NCBI taxonomy
- Specify a footer
- Set the tier level

- Create a comment for the PGDB
home page

- Enter MIGS Data

- Enter Annotation Data

J PGDE Info H MIGS Data ” Annotation Data l

Synonyms:  [Bacillus anthracis AmesGenbank entry NC_00399

|E|aci||u5 anthracis AmesGenbank entry NC_00399

|E|az|||us anthracis strain Ames

|E|az|||us anthracis Ames

|Elac|||u5 anthracis str. Ames

Taxon |Elac:illus anthracis Ames

Citations: | 12721629

NCBI Taxonomy Browser urrent taxonomic lineage: cellular organ = Bacteria <
irmicute: acilaceae -» Bacillus <l
acilus anthracis > Bacilus anthraci

Summary: | The primary data source for this dataset is the full genome sequence of [FRAME: TAX-198094| |CITS: [12721629]|, derived
from <A href="http:/fwww.nchi.nlm_nih_gov/nuccore/NC_003997_3">Genbank accession NC_003997</A>.

This dataset was created using the PatholLogic component of the Pathway Tools program |CITS: [10370234]|.

PGDB Authors:

Project Home Page URL:

Project Primary Contact Email:

Copyright string:
(in HTML format)

Fonter citatinn for web nanes

[Genbank entry NC_D03297

|J. Bashkin

|J0nathan Wagg

|Nan Guo

|F'eter Karp

|R0n Caspi

|Copynght 2004-2016 SR International.

oK Cancel ‘
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The Synonym Editor R -

Lets you easily edit the
synonyms and set the common
name

M Edit Synonyms for GOOD

Synonyms:

Ie}{cellent Make this the Common MNarme |
I superb Make this the Comimon Mame |
Ioutstanding hiake this the Comimon Mame |
I magnificent Make this the Comimon Mame |
Ie}{CEptiDnal Make thiz the Common Mame |
ImaNElIDUS Make this the Common MName |
Iwnnderful Make this the Common MNarme |
I first-rate Make this the Common MName |
I first-class Make this the Common MNarme |
I sterling Make this the Comimon Mame |
IfabLIlDLIS Make this the Common MNarme |
I fantastic Make this the Common MName |
I terrific Make this the Common MNarme |
Iawesume tiake thiz the Common MName |
I wicked Make this the Common MNarme |
Cancel |
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The Reaction Editor

With the Reaction Editor you
can:

Enter or edit a reaction

equation

Specify EC numbers (official?)

Enter a common name (if no full

EC number exists)
Set Conversion Type

Specify location information

(transport, cellular location)

Specify reaction direction

] Edit Reaction LYSINE--PYRUVATE-6-AMINOTRANSFERASE-RXN

(Conversion Type: | Chemical Reactions

| ecnumser [256171

‘!7 Qfficial EC 7 Add EC Number

(Commen Hame: |

Quick Entry of Equation ‘

Stoich. ‘ Name

‘ ‘ Compartment | ‘ Structure ‘

N

HNH(U
1 L-alaning cytosol

0

[FTRUCTURE TOO LARGE TO B}

E DEPLAYED ETRUCTURE TOO LARGE T0 BE DISPLAYED

1 ) 5 cytosol

Add New Substrate Here cytosol

Add New Substrate Here cytosol

Reaction Direction (locally stored): | Reversiole -
Reverse Sides

ILocations: Add Additional Reaction Location |

Reaction Location 1: cytosol =]

Substrate Positioning in Equation:

MuveUD‘ Move Down m Move to Other Side ‘l | Delete Substrate ‘l

Search/Replace/Create the Selected Substrate:

Mass Balance: Balanced
‘!’ The reaction cannot be balanced

Search string: [ [ substring Search | [ ExactSearcn |
Stoich. ‘ Name || Compartment H Frame ID H Structure
o}
1 0
pyruvate cytosol PVRUVATE
[s]
Common Name ~
(Create Substrate of Type: [Compound |

«
0K | Cancel
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The Pathwa

Class (variant class)
Common Name
Synonyms
Evidence Codes
Citations

Summary

External Links
Hypothetical reactions
Key reaction
Rate-limiting steps
Enzymes not in use
Author credit

nfo Editor

u 7 Pathway Info Editor for GLYCOLYSIS

Class: | Generation of Precursor Metabolites and Encrgy-»Glycolysis This class is a variant pathway class.

Common Name: |g|ycn\y5is |

Synonyms:

|EmbdenrMeyerhnf pathway Make this the Commen Name

|g\ucose degradation Mlake this the Common Name

Make this the Common Name

|Embden-Meyerth—Pamas pathway

[EMP pathway Make this the Common Name

|g\ycolysws (plastidic) Mlake this the Common Name

Evidence for Pathway Existence: EVLEXP-TAS [Citation: | EcoSal Evidence Code [Citation

Citations: ‘ | ‘ |

Summary:

ii) it is an amphibolic pathway (pathway that involves both catabolism and anabolism) because it
can reversibly produce hexoses from various low-molecular weight molecules.

Because various degradation pathways feed into glycolysis at many different points, glycolysis or portions of it run in the
forward or reverse direction, depending on the carbon source being utilized, in order to satisfy the cell's need for precursor
metabolites. This switching of direction is possible because all but two of the enzymatic reactions comprising glycolysis
are reversible, and the conversions catalyzed by the two exceptions are rendered functionally reversible by other enzymes
([FRAME:F16B-CPLX| and [FRAME:PEPSYNTH-CPLX]|) that catalyze different irreversible reactions flowing in the opposite
direction.

<b=About This Pathway</b=

Glucose is not shown here as a component of glycolysis because when used by <i>E. coli</i> as a source of carbon and
energy, glucose enters the cell via a phosphotransferase system (transport of glucose, |[FRAME: CPLX-157]), the first
intracellular species, therefore, being glucose-6-phosphate.

<i=E. coli<fi> does constitutively produce |[FRAME:GLUCOKIN-MONOMER] {the intracellular enzyme that converts
glucose to glucose-6-phosphate) but it is not needed for the utilization of either exogenous or endogenous glucose |CITS:
[9023215]|. Under anabolic stress conditions, it may be required to supplement levels of glucose 6-phosphate

|CITS: [7786044]|.

m

Links to other databases:
Database o] Relationship

‘— j | |Same Entity ﬂ

‘I— Check box if this is an engineered pathway ﬂ

Hypothetical Reactions: sekccnange | [2] Key Reactions. SelectiChange | [2]
Rate-Limiting Steps: Select/Change

Enzymes Not Used in this Pathway: Change
alkaline phosphatase

Credits: Date Curators.

Revised 26-Jan-2007
— none yet

[~ Update Last-Curated Date 2

] m

Organizations

Select/Change | Create |
Current selection(=): UC Davis

Select/Change | Creale|
Current sal=ction(<)” Ingraham JL

Select/Change | Create

Curent sslection{s):

Select/Change | Create |

Current sslection(s):

m

cms
FRAME

Create/Search Citation
Hyperlink

Spelicheck

U“

OK | Cancel |
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Evidence Codes for Pathways

http://bioinformatics.ai.sri.com/evidence-ontology/

Experimental evidence codes:

IDA: inferred from direct assay Ty vy

IEP: inferred from expression pattern Infetted by computational analysis

Inferred by & human based on computational evidence

IPI: inferred from physical interaction e computafonaly wihat hunan sversirt

TAS: traceable author statement o oot ey sotomert

Author hypothesis

IGI: inferred from genetic interaction inferted by curator

Inferred from experiment

IMP: inferred from mutant phenotype BERENIC By
nferred from radio-tracer experiment

Inferred from expression pattern

Inferred from physical interaction

Inferred from genetic irteraction
Inferred from mutant phenotype
<no select-

Full documentation for an evidence code is

Traceable author statement to experimental support

displayed in the Navigator (click the code icon)
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The Pathway Editor

Graphically create and modify pathways

Reaction Menu: add reactions one by one
Pathway Menu: add sub-pathways to create a superpathway

Reaction Pathway

Find and Add Reaction

Add Reaction(s) from History
Add Reaction(s) by Frame ID
Create Mew Reaction Frame

Clone a Reaction Frame

Add Connection

Delete Predecessor/Successor Link
Disconnect Reaction

Delete Reaction from Pathway

Choose Main Compounds for Reaction
Edit Reaction Frame

Place this reaction to the left of sibling

Reaction
liting Pathvy

Pathway
Enter a Linear Pathway Segment
Guess Pathway Predecessor List
Disconnect All Reactions

Revert Changes

Add Subpathway by MName
Add Subpathway by Frame D
Add Subpathway by Substring
Add Subpathway by Class
Delete Subpathway
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Printing Frame IDs In the Lisp Console

A convenient way to work with Pathway Tools frame IDs is to print
them to the Lisp console using the right click — Edit — Show
frame name command, then copy them from the console and
paste them into the respective editors.

Choose operation for HSO4875 8 created, 11 modified, 8 indexed, 8 deleted ~

ﬂ Hodified frames:
brite caspi fulcher HUMAN Kr midford HIGS-Info pkarp

8 created, 11 modified, @ indexed, 0 deleted

Show frame in all DB=
Show frame in pop-up window (Clone)
Print frame to file

Show changes in pop-up window

Show changes to terminal

Describe CLIM presentation-type of this link
List referencing objects in terminal

Refresh object display

Saving 11 frames and updating indices
[11 stale]

Save complete 1

Saving PGDB metadata for 6 PGDBs in p:\Zaicipgdbsitier1y[Saving
6 frames saved]

heckpointing HUMANBASE modifications to C:\Users\Ron\Ap

< >

L
>
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Connecting Reactions

B Pathway Editor,

Exit Reaction Pathway
Editing Patlway ascorhate degradation to D-ribulose-5-phosphate

LHULRUSP-RXR

RIBULPSEPIM-FM
5134
D-ribulose-5-phosphate

D-xyluloze-5-phosphate

RIBULPEPIM-FXM
2134
L-tibuloze-5-phosphate = D-xylulose-S-phosphate

RHMO-7T05

41155

3-keto-L-gulonate G-phozphate

= L-xylulose-S-phosphate + CO2

L-ascorbate J-keto-L-gulonate 3-keto-L-gulonate G-phosphate
521322 ; ; :
L-tibuloze-5-phosphate = L-xylulose-5-phosphate

Ha( ATP ADP

Add Connection
Add Link, from to Patbway
Add Link fromto Reaction or bexk

Add Link From)to Pathway
&dd Link from/to Reaction or bext
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-.-,&',;“ Pathway Editor Limitations ;

Complex situations can cause ambiguity:
- reaction directionality not specified

reaction directionality opposite to

direction in pathway

- dialog box for disambiguating

- pathway drawn in bizarre arrangement

e Fix:

try disconnecting reactions and adding them in different
order

Limitation: a reaction can appear only once
in a pathway.

24
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Overview of Creating a Pathway

« ldentify all the metabolites. Define any missing ones.

* Find the individual reactions in the PGDB/MetaCyc and create
new reactions if necessary.

« Compose the pathway from the individual reactions using the
pathway editor.

* Assign a class to the pathway.
« Add a summary, citations, and an evidence code.

« Assign the appropriate enzymes, create complexes when
appropriate.

« Curate information about enzymes and genes, including
evidence codes for the enzymatic reactions.
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Lisp Breaks

 When Lisp encounters an unrecognized command it breaks

e A breakis NOT a crash

 When a break occurs, the control moves from the GUI to the

Lisp console
u

1:54 PM
6/12/2013

BN B R @0

To generate a break: type (break) at the listener pane, hit enter

4 Allegro Common Lisp Console - [ptools_win32. dxl]

EC{1): (eco)
Opening Havigator window.

Lisp presents several
recovery options } Fast Toading fron bundie Code\STREANA. Fas.

Warning: EnableWindow: {error 127) The specified procedure cou

*debugger-hook* called.
Break: call to the “break' function.

Restart actions (select using :continue):

Type :cont x where x is the
: Return to Pathway Tools version beta command lewel
number of the best option

1
2: Pathway Tools version beta top level

3: Exit Pathway Tools version beta

4: Return to Top Level (an “abort™ restart).
5: Abort entirely from this (lisp) process.
1

[16] EC(2): | =

< ¥

SRI International Bioinformatics



27

Bug Reports

If you get a break as a result of a bug, get the evaluation stack by

typing
:z0 :count :all at the lisp prompt

Copy the output, and send it
by email to
ptools-support@ai.sri.com

2 Allegro Common Lisp Console - [ptools_win32. dxI]

*debugger-hook= called.
Break: call to the “break’ function.

Restart actions (select using :continue):

8: return from break.

Return to Pathway Tools version beta command level
Pathuay Tools version beta top level

Exit Pathway Tools version beta

Return to Top Level (an "abort" restart).

: Abort entirely from this (lisp) process.

[1c] EC{2): :zo :count :all

Evaluation stack:

(BREAK)
[..- EXCL::%EUAL ]
->(EVAL (BREAK))
((METHOD CLIM:READ-FRAME-COMMAND (ECOCYC)) H<ECOCYC @ #x2391bf6a>
ISTREAH
H<CLIH:INTERACTOR-PANE
@

#x2391ba22>)
((:INTERNAL (:EFFECTIVE-HETHOD 1 T HIL NIL T) @)
#<ECOCYC @ #x2391bféa> . #<non-lisp object @ #x3>)
((METHOD CLIM:READ-FRAME-COMHMAND :AROUND
(CLIM:STANDARD-APPLICATION-FRAKE})
#<ECOCYC @ #x2391bf6a> :STREAH
#<CLIM:INTERACTOR-PANE B #x2391ba22>)
((:INTERNAL (:EFFECTIVE-HETHOD 1 T T T T) @) H<ECOCYC @ #x2391bf6a>
ISTREAM
#<CLIN:INTERACTOR-PANE
c]

#x2391ba22>)
({METHOD CLIM:DEFAULT-FRAME-TOP-LEUVEL
(CLIN:STANDARD-APPLICATION-FRAME))
H<ECOCYC @ #x2391bF6a>)
((:INTERNAL {:EFFECTIVE-METHOD 1 T T NIL NIL} 0)
H<ECOCYC @ #x2391bF6a>)
((HETHOD GLIW:RUN-FRAME-TOP-LEVEL (CLIM:STANDARD-APPLIGATION-FRANE))
HCECOCYC @ #x2391bF6a>)
((:INTERNAL {:EFFECTIUE-METHOD 1 T NIL NIL T) @)
H<ECOCYC @ #x2391bF6a> . #<non-lisp object @ Hx1>)
((METHOD CLIM:RUN-FRAHE-TOP-LEUEL :AROUND
(CLIM:STANDARD-APPLICATION-FRAME))
H<ECOCYC @ #x2391bF6ad)
((:INTERNAL {:EFFECTIVE-METHOD 1 T HIL T T) ©)
H<ECOCYC @ #x2391bf6a> . #<non-lisp object @ Hx1>)
(ECO)
[..- EXCL::%EUAL ]
(EVAL (ECD))
(TPL :TOP-LEUEL-READ-EUAL-PRINT-LOOP)
(TPL:START-INTERACTIVE-TOP-LEVEL
#<EXCL:TERHINAL-SIMPLE-STREAM [initial terminal io] fd 8/1 @
#x2008e242>
#<Function TOP-LEVEL-READ-EUAL-PRINT-LOOP> NIL)
[1c] EC(3): |

<
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The Reaction Duplicate Checker

Is the reaction
already present?

The reaction
duplicate checker

Delete new reaction and

Delete new reaction Import reaction from
MetaCyc

No action required
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Reuse existing reactions instead of creating duplicates!

If the reaction is already
present in your PGDB, you
will see a window like this
one

You should choose the option
“Delete”.

Before you delete and close
this window, write down the
frame ID of the identical
reaction, so you could use
it later when specifying the
pathway.

29

N
REUSELD
REDUCE
RECYCLE

"
Potential reaction duplicate detected @

e reaction that you are creating or editing:

SUCCDIAMINOPIMDESUCC-RXN: N-succinylL, L-2 §-diaminopi + L-glutamine + 2 H20 = L, L-diaminoopi + succinate + L-glutamate + ammonia

may be a duplicate of an existing reaction. Duplicating existing reactions
can be very problematic for producing accurate comparative analyses,

o we strongly recommend that whenever possible, you reuse existing reactions, ether in the current PGDB or by importing reactions from MetaCyc.
Note that two reactions that differ merely by reaction direction are considered duplicates.

e following existing reactions may be duplicates of the reaction you are editing:

In the currenikd
Show N-succin)rI—L,L—Z,“ iaminopi + L-gl i

+2 H20 = L L-diaminopimelate + succinate + L-glutamate + ammonia

Show — To view the reaction in the Pathway Tools Navigator

Keep — To keep the reaction you are editing

Delete — To delete the reaction you are editing (you could then use another reaction
from the current PGDB instead)

-
| Keep | Delete |
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Import MetaCyc reactions instead of creating duplicates!

( i | Potential reaction duplicate detected l&r
he reaction that you are creating or editing: -
If th e re actl 0 n IS al re ady p rese nt L-xylulose-5-phosphate = L-ribulose-5-phosphate
' may be a duplicate of an existing reaction. Duplicating existing reactions
I n M etaCyC (b Ut n Ot th e can be very problematic for preducing accurate comparative analyses,

o we strongly recommend that whenever possible, you reuse existing reactions, either in the curr

CU rre nt PG D B) y yOU WI ” See a. MNote that two reactions that differ merely by reaction direction are considered duplicates.

WlndOW Ilke thIS One The following existing reactions may be duplicates of the reaction you are editing:
In the current KB:
. [none]
You should choose the option . i

I} ”
I m po rt . ribulnse—E—phusphate = L-xylulose-5-phosphate

Please select:

Before you import and close this

Show — To view the reaction in the Pathway Tools Navigator

I d I d Keep — To keep the reaction you are editing
WI n OW’ erte Own the frame Delete — To delete the reaction you are editing (you could then use another reaction
1 1 1 from the current PGDB instead)
ID Of the Identlcal reaCtIO”’ SO Import — To delete the reaction you are editing and import one of the preceding

MetaCyc reactions into this PGDB, from a dialog pop-up

you could use it later when
specifying the pathway. ‘ r

| Keep | Delete | Import |
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How to get a frame ID?

Navigate to the page of the frame (from the duplicate checker you can click
on the Show button)

Right-click on the object name and select Shows —Frame name
Move to the Lisp console and copy the name to the clipboard.
If collecting multiple names, paste it into a text editor

Choose operation for PWY-7912

Hop-oppatirerdy with SmartTable data

Show entity in other DB

Show frame in all DBs

Show frame in pop-up window (Clone)

Print frame to file

Show changes in pop-up window

Show changes to terminal

Show pathway's reaction validity check for uzage in a medel in terminal
Describe CLIM presentation-type of this link

Lizt referencing objects in terminal

Refresh ocbject display -

£ >
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Fill Reaction frame ID’s in your handout

Reaction Frame ID

alpha-L-gulose + 2 NAD+ = 2 pyruvate + 2 NADH + 4 H+

alpha-L-gulose + NAD = L-gulono-1,4-lactone + NADH + H+

L-gulono-1,4-lactone + O2 = L-ascorbate + hydrogen peroxide + H+

Don’t forget to include spaces between chemical names and terms

such as “+” and “=*

To show a frame ID of an object, you can right-click on it and select
Show —Show frame name. The frame ID will be printed in the Lisp

console, from which you can copy it.
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Editing Pathway/Genome Databases — Lab Section

Exercise 1: Creating reactions and pathways

Create organization and curator frames, specify your Pathway
Tools username

Enter new reactions
Import reactions from MetaCyc
Construct a new pathway with these reactions
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Curating Genes and Enzymes
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The Gene and Isoform/Coding-Segment Editors

- Enter synonyms/accession numbers

- Enter Links to other databases
- Define transcription direction

- Modify start/end positions

- Define introns

- Create new isoforms

- Define frame shifts

B |soform/Ceding-Segment Editor

Isoferm Gene Product: ﬂ

Base numbers are: | RE arzenate reductase
Create New Isoform

If zpecifying muttiple coding segments, please provide the appropriate interpretati
— RNA =plicing: The RNA transcript is spliced to remove introns.
— Protein splicing: The immature pro-peptide is spliced to remove inteins.
— Ribogomal glippage: The ribosome slips during translation to generate a progn:
'r'ou do not need to supply an interpretation here if you are merely using this form

Interpretation: | Mot specified ﬂ

Exonsdntrons:

3

[ asavemsery wose

- s s e e e " -

124470272 134473203 124475572

35

134477024

134420274 134422625
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Adding an Enzyme to a Reaction

To add an enzyme to a reaction: First copy the frame ID of the enzyme, then

» Right click the reaction, choose Edit — Create/Add enzyme and paste

the ID.

‘Find protein by name or ID: I

OR

Search by Genes or Create New Protein |

oK

Cancel

Or

 Copy the frame ID of the reaction, then
» Right click the enzyme, choose Edit — Add Reaction(s) and paste the

ID.

nter reaction(s) by ID or EC number:

SRI International Bioinformatics
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Creating Protein Complexes

Right-click on a protein and select
Edit — Protein Subunit Structure Editor

Change “Macromolecule Type” from

polypeptide to protein complex

Example: a simple homohexamer
emmm A

~
Protein: serine acetyltransferase

Macromolecule Type: | protein complex +| Number of distinct subunts: |4
Specific Class(es), if any:

.. A homotetramer counts as 1 gene product, not 4 — the number supplied here
'should match the number of subunits supplied below

mplexes, check the “Complex?” box below for each subunit
hat is a complex, and enter the number of distinct subunits and the components
for each. The coefficient can be omitted if t s not known. The Status

column below tells it a protein already exists or wil be created.

Genes or Subunits:
Subunit Complex? ~ Gene or#Subunts  Coefficient Status.

serine acetyltransferase F Gene: | cysE 3 e e
to create & new object)

0K | Cancel

Choose operation for EG10823-MONOMER

Protein Editor A
|Pr|:rtein Subunit Structure Editurl

Add Reaction(z)

Add Feature

Frame Editor

Synonym Editor

Relationships Editor

Ontology Editor

Marvin JS Compound Structure Editor
Deprecated Marvin (Java Applet) Compound Structure Editor
Import Compound Structure from Melfile...
Import Compound Structure from ChEBI...
Export Compound Structure to Molfile...
Merge Frames...

Merge Proteins...

Propagate Enzyme to DB...

Add Object te SmariTable

Add Object to File Export List

Duplicate Frame and Edit

Create Frame

Delete Frame

< >

SRI International Bioinformatics



Specifying Multiple Subunits

Protein: methanesulfonate monooxygenase

Species: | Methylosulfonomonas methylovara

Macromolecule Type: Iprntein complex A l Number of distinct subunits: I 3

Specific Class(es), if any: |

enes or Subunits:
Subunit

Select |

e.g. A homotetramer counts as 1 gene product, not 4 — the number supplied here
ishould match the number of subunits supplied below.
For a complex of complexes, check the "Complex?” box below for each subunit
I(hat iz a complex, and enter the number of distinct subunitz and the components
for each. The coefficient can be omitted if it iz not known. The Status
column below tells if a protein already existz or will be created.

Complex?

Imethanesulfonate monooxygenase hydroxylase component

El

Imethanesulfonate monooxygenase hydroxylase componen i

Imethanesulfonate monooxygenase hydroxylase componen i

II methanesulfonate monooxygenase ferredoxin component

El

Imethanesulfenate monooxygenase ferredoxin component s i

II methanesulfonate monooxygenase reductase component

F

Gene-Reaction SchematicE

|' 14,123,111 : methanesulfonate + MADH + ciqygen -+ form...

Gene or #Subunits Coefficient
#3ubunits: |2— |1—
#Subunits: [1 [T
Gene: W |2_
Gene: W |1_

Status
Already exists (edit name
to create a new object)
Already exizsts (edit name
to create a new object)
Already exizsts (edit name
to create a new object)
Already exists (edit name
to create a new object)
Already exists (edit name
to create a new object)
Already exists (edit name
to create a new object)

oK

Cancel

S¢
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The Protein Editor (monomer edition)

& | Edit Protein H505414-MONOMER

J Protein “ Enzymatic Activity (4) ” Gene “ Modified Forms (0} l

(protein complex edition) Fryme: ylochrome PASOZEL egt Enzyme Name |
Class: a polypeptide
5] Edit Protein CPLX-7666 [
J Complex ” Subunitz (3} ” Enzymatic Activity (1) ” Genes (4) ” Modified Forms (0} l ]
Enzyme: methanesulfonate monooxygenase Edit Enzyme Name |
Class: a protein complex
Evidence for non-enzymatic function Evidence Code [Citation:
of thiz protein, if any:
Mol. Fn and Biol. Proc. GO Terms |
Cellular Component GO Terms |
SYnonyms: | |
Citations: | | | |
summary: | The |[FRAME: CPLX-T666| of [FRAME: TAX-50057] was resolved into three distinct fractions, none with *
individual methanesulfonate oxidizing activity, but which together were reconstituted into an active form
|CITS: [8932698]|. The hydroxylase and ferredoxin components have been purified to homogeneity, while CIrs

the reductase has been partially purified [CITS: [105691843][10094704]].

The genes encoding the complex were cloned, and their sequence was analyzed.

The |FRAME: G-10855| and |FRAME: G-10856| genes, encoding the large and small subunits of the
hydroxylase component, are similar to several dioxygenases. |FRAME: G-10857| is similar to
ferredoxins from toluene and methane monooxygenases, and |[FRAME: G-10858| is similar to a number
of mono- and dioxygenase reductase components.

FRAME

m

Create/Search Citation |

Hyperlink

Spellcheck

"

40
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Protein Editor — First Tab

For an example of a complex, open CPLXI-62 in the H. pylori PGDB

| Edit Protein CPLXI-62 (mE3a]

J Complex ” Subunits (4) ” Enzymatic Activity (1) ” Genes (4) “ Modified Forms (0) l i

Enzyme: 2 = Pt i Edit Enzyme Name
Class: a protein complex
Evidence for non-enzymatic function Evidence Code |Citation:

of this protein, if any:

Mol. Fn and Biol. Proc. GO Terms |

Cellular Compenent GO Terms |

Synonyms: | |
Citations: | | | |
Summary: | 2-Oxoglutarate:acceptor oxidoreductase (OOR) of <i=H. pylori</i> is a heterotetramer consisting of the following four o
subunits, OorA, OorB, OorC and OorD.
= cms
2-Oxoglutarate:acceptor oxidoreductase (OOR) catalyzes the reversible oxidative decarboxylation of 2-oxoglutarate to form
succinyl-CoA |CITS: [9495749]| . OOR is one of three atypical enzymes in the proposed complete citric acid cycle of FRAME
<i=H. pylori</i=_ replacing the typical citric acid cycle enzyme &alpha:-ketoglutarate dehydrogenase, which is not found in S ——— =
the annotated genome of <i>H. pylori</i= |CITS: [9495749][10809701]|. reatelsearch Liation |

H link
OOR from <i=H. pylori</i> has been partially purified and characterized |CITS: [9495749]|. OOR from <i=H. pylori</i> and yperm

other bacteria are extremely oxygen labile, unlike their 2-oxoacid dehydrogenase multienzyme complex counterparts | - Spelicheck

i

Molecular Weight (kD, experimental): Citation: | pl: | Citation: |

Links to other databases:

Database ] Relationship ﬂ
|— j | |Same Entity j
Credits: Date Curators Organizations
Created - 24-Apr-2003 Select/Change | Create | Select/Change | Create |
Current selection(=): Krieger CJ Current selection(=): SRI International
—_— ~ none yet Select/Change | Create | Select/Change | Create |
‘Current selection{s): Curmrent selection(s):

‘l— Update Last-Curated Date ?

oK Cancel
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Protein Editor - Subunits Tab

&) Edit Protein CPLXI-62 =

[ Complex H Subunits (4) ” Enzymatic Activity (1) H Genes (4) H Medified Forms (0) =

- 'Sections below are for the following subunits:
E d t t h n m b r f HP0S32 gene product: detta subunit of 2-oxoglutarate:acceptor oxidoreductase
® I e C O py u e O HP0S83 gene product: alpha subunit of 2-oxoglutarate:acceptor oxidoreductase
HP0S20 gene product: beta subunit of 2-oxoglutarate acceptor oxidoreductase

.
e aC h S u b u n It HP0S91 gene product: gamma subunit of 2- acceptor
Subunit: HPO588 gene product Edit Subunit in New Dialog

Name: |de|la subunit of 2-oxoglutarate:acceptor oxidoredw  Coefficient: | 1

- - - Gens Classes: metabolism-~energy metabolism, carbon-=TCA cycle
. Spec|fy UniProt ID or links o o corn |

Cellular Component GO Terms |

to Oth e r d atab aS e S Synenyms: | HpOs88 [OorD subunit of 2-oxoglutarate:acceptor oxidoredt

‘OurD |&de\ta: subunit of 2-oxoglutarate-acceptor oxidoret

- Specify experimental MW | |

and any useful info that — | |

Summary: | QorD is the ferrodoxin-like subunit of 2-oxoglutarate:acceptor oxidoreductase. OorD, similar to bacterial-type ferredoxins,  +
m ay ap p |y has two cysteine-rich sequences, with the consensus sequence of (-C-X2-C-X2-C-X3-C-) [CITS: [9495744]|.
cms

FRAME

Create/Search Citation
Hyperiink
- Spelicheck

m

i

Wolecular Weight (kD, experimental) Citation

[ Is initial methionine cleaved?
Links to other databases:

Database L] Relationship 7
nterPro | [PRo17896 [ Famiy =l
nterpro | [PrRo17500  [in Famiy -~
Pram | [PF13237 [in Famiy -~
Proste ~|[Pso019s [ Famiy -l
Proste | [Ps51379 [in Famiy =l
Protein Model Portal = [o25310 [ same Enty =]
Mint | [MINT-17035" [ 5ame Entiy =l
String | [5962.HPOS |same Entty =
Database of Interacting Proteins | [DIP-3580N | 5ame Enty -~
UniProt v|[025310  [same ety =l
| [ same Entty |

Features: Edit Protein Featurs(s) |There are no features currently associated with this protein
oK Cancel
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Protein Editor - Enzymatic Activity Tab

Complex || Subunits (1) || Enzymafic Activity {1) UE” Modified Forms (0) 1 -
Add New Activity
Enzyme activity name: |argmase
Reaction (shown in EC lefi-to-right direction): L-arginine + H,0 <—= urea + L-omithine
Evidence for this activity: gy eyvp ipa PURIFED-PROTEN [Citation: [ 2241302 EV-EXP-IDA-PURIFIED-PROTEIN |Ctation: | 2515788
Evidence Code |Citation
S | [
Gations: | I I [
Summary: cms
Create/Search Citation
Hyperlink
Spelicheck
Reaction Direction: |No Direction Stored v | Citation [ ¥ Activity is physiologically relevant?
Reacion Locaton: cytosol (defout) =l Add another location for this activity ‘
. P . . Phys‘u‘uf“:aw K: (M) Citation(s):

& ctivatorsdinhibitors/Cofactors/Alternative substrates: ‘f;“"::’:’(‘:::zzi:”’"‘”’”’*"”"“"‘“ “"5”'2 o l’Ij',"“"‘ o

| Activator (albsteric) | e o iy = e —

Activator (nonallosteric) ihotor (noncompettive) = [Lcanavanine i | 2241902 [

Activator (mechanism unknown or not curated) Inbisor (nancompeltive) =] [D-octapine F | (2241302 \

Inhibitor {competitive) ‘ mhibtor (compeliive} | [Crysine e [ [2241902 [

Inhibitar {noncompetitive) inhibor (compeive) = [Lhomoarginine F [ | 2241902 [

Inhibitor (uncompetitive) Activator (mecnansm unknowin o not cuated) 7] |

Inhibitor (mixed) ‘ ctator mechansm unknovin or not cuated) ] |

In h IbI'tIJ r (Irrellrers'lble} Left to Right Citation Right to Left Citation

Inhibitor (allosteric) Mo (C

[nhibitor (mechanism unknown or not curated) P [105 2516788 [105 281578

Inhibitor (Uth E‘F} Substrate K, Unts  Citation Vs Units Citation

Cofactor or prosthetic-group Leargnine [ =] \ [Uimg (= protimg ) =]

Alt. substrate for L-ornithine L orihine =] [ [wimg = pmot g imn) = |

Al substrate for urea wea| [ ] [ [wim (= protimg ) < |

Alt. substrate for H20 ) i v

Alt. substrate for L-arginine o [ _cancel |
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Citations

Citation boxes
The CITS field

PubMed citations:

Use PubMed IDs

Automatically imported when exiting
editor

You can invoke the Publication
Editor by right clicking on a citation

Non PubMed citations:

44

Enter an ID in the form Smith06 in a citation
box, invoke editor by clicking out of the box.
Click on “Search or Create Publication
Frame”.

If you have a DOI number, enter it and click
outside the DOI ID box, and it will be
retrieved automatically.

If there is no DO, type in the details.

B ' Edit Publication Data for PUB-5033403

PubMed ID: | 5033403 AGRICOLA D | ool : |

Title: | Catabolism of pipecolate to glutamate in Pseudomonas putida.

\Authors (surname firsty: 4 |F'e|‘feni R

2| Campbell RJ
2 Titus J 4| Hartline RA
5 6]

[ Biol Chem 247(12).4089-95

Year: | 1972

x|

»

mith0E iz neither the correct format for & medline 1T,
nor does it name a publication frame in the current dstaset.

ou may ether zesrch for or creste a publication frame for it now, or
eturn to the Enzyime Editor to correct i,

W

< b4

Search or Create Publication Frame Return ta Previous Editor
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Editing Pathway/Genome Databases — Lab Section

Exercise 2 : Curating enzymes, entering citations, and exporting pathways
* Assign enzymatic activities to proteins
» Define protein complexes
« Create a publication frame
» Export a pathway to a file

Exercise 3 : Constructing Superpathways
« Construct a superpathway
Exercise 4 : Creating a complicated protein complex
» Create a protein complex that involves modified proteins.
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