Metabolic Pathways
Exploring pathways and compounds

1. Find and explore the metabolic pathway for glycolysis.
For this exercise use http://plasmodb.org

Navigate to the search page for Identify Metabolic
Pathways based on Pathway Name/ID.

— Metabolic pathway and compound searches are _ expand all | collapse all
available under the “Identify Other Data Types” | Find a search ale
head on the home page. You can find metabolic b i
pathways based on the pathway name, genes SIS
involved in the pathway, or compounds involved in SNPs (from Array)
the pathway. Search for the glycolysis pathway g
using the Pathway Name/ID option. Metgzﬂisozi:':‘ays

Genes
Identifier (pathway, gene,

— This search is equipped with a type-ahead function compound, etc.)
. . . ‘ Pathway Name/ID
for choosing the metabolic pathway name. Begin  Coio
typing glycolysis and then choose the pathway expand all | collapse all
name from the list that appears.
a. Examine the Glycolysis / Gluconeogenesis pathway.

Identify Metabolic Pathways based on Pathway Name/ID

Pathway Source @  Any 8

Pathway Name or ID @ © | 5051 typing 10 see sugaestions

#e¢| glyco Q
Pathway wildcard search ¢ C-glycosyliflavone biosynthesis | (PWY-6602) (MetaCyc)

C-glycosylflavone biosynthesis Il (PWY-7188) (MetaCyc)

C-glycosylflavone biosynthesis Ill (PWY-7189) (MetaCyc)
CMP-N-glycoloylneuraminate biosynthesis (PWY-6144) (MetaCyc)

Glycolysis / Gluconeogenesis (ec00010) (KEGG)

Glycosaminoglycan biosynthesis - chondroitin sulfate / dermatan sulfate
(ec00532) (KEGG)

Glycosaminoglycan biosynthesis - heparan sulfate / heparin (ec00534) (KEGG)
Glycosaminoglycan degradation (ec00531) (KEGG)
Glvcosohinaolivid biosvnthesis - aanalio series (ec00604) (KEGG)

— The search takes you straight to the record page for the Glycolysis / Gluconeogenesis
(ec00010) metabolic pathway from KEGG. The overview section of the record page
contains an interactive graphical representation of the pathway. The pathway map and the
legend can be repositioned.

A. Initial pathway view is zoomed out.
B. Zoom in to see more details including EC numbers and metabolite structures.
C. Click on a metabolite structure to get additional information.


http://plasmodb.org/

D. Click on the EC number to get more info about the enzyme including links to retrieve
all genes in the database assigned to this EC number.
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E. The drop-down menu under the heading “Paint Enzymes” allows you paint the
pathway based on experiments or based on phyletic pattern.

F. Painting pathway by experiment provides a graphical representation of experimental
results. Click on the graph to see more details.

G. Painting pathway based on phyletic pattern provides a graphical representation of
phyletic distribution. Clicking on the phyletic pattern graphic provides additional
information.

— Use the Tool Box to move (drag) the map and individual nodes.
Zoom in and out to help explore the map. <y " "y +

— What do the rectangles with numbers like 2.7.1.11 represent? v %

— What is the difference between the rectangular nodes that are
orange and those that are not?

— Why are some enzymes grouped?

— Find the node representing 6-phosphofructokinase (EC number =2.7.1.11). You may need
to zoom and reposition the map to find the node.

— Click on the 2.7.1.11 node to open a popup with information about this enzyme.
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EC Number or Reaction: 2.7.1.11

Enzyme Name: 6-phosphofructokinase
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How many genes in the database matched this EC number?

Try the link ‘Search for Gene(s) by EC Number’. Where did you end up? What do the 90
genes in the result list represent? Is 6-phosphofructokinase unique to P. falciparum?
Notice the two columns called “EC numbers” and “EC numbers from OrthoMCL”. What do
these columns represent?

(Genes) Strategy: £C Mumber* K3
Rename
Duplicate
Save As
Share
0 Genes
Step 1
—a
90 Genes from Step 1
Strategy: EC Number
= 7 Click on a number in this table to limitfilter your results
Gene Resuls | Genome View
Aows par page: 1000 v owiload  Add to Basket Add Columns:
EC
- A n Product numbers
- Gene 1D Transeript ID |: organism @ © Description © O i Ecrumbers @ © Wb o e 0 i
OrthoMCL
— oanl0d ooasan  PADLO1_0814500- 27111 (6
&  PADLO1_0014501 ; P adleri GO1 .phosphofructokinase phospholruciokinase)
- ADLOT 11266 PADLO1_1126600- 27411 (8-
@ PADLO 6600 ey P adieri GO1 &.phosphofructokinase phasphofruciokinase)
= Coaes 0E1R400 ATP-dependent 6- . 27111 (6
BANKA_0B16400 ben y
&  PBANKA 081640 PBANKA 0816400 1 P berghei ANKA phosphofructokinase, putative 27111 (&-phosphofructokinase) phospholiiciokinase)
e, . ATP-dependent 6- § - 27441 (8-
@ PEANKA 0919900  PBANKA_0919900.1 P berghei ANKA phosphoiructokinase, putative 27111 (B-phosphofructokinase) phosphotruciokinase)
~  paLca oo PBILCGD_0918100- 27411 (6
018100 X b |
@  PBILCGO 0919100 0 P billcollinsi GO1 &.phospholruciokinase phospholitciokinase)

Use your Browser’s back button to return to the Glycolysis pathway record page and open
the Paint Experiment menu. Choose the experiment “Salivary gland sporozoite
transcriptomes: WT vs Pfu2-KO”. Be patient while the graphs appear in place of the EC
numbers.



- Does 6-phosphofructokinase appear to be expressed in salivary gland sporozoites? What
enzymes in this pathway are affected in knockouts of Pfu2?

Glycolysis / Gluconeogenesis

Node Details

EC Number or Reaction: 2.7.1.11
Enzyme Name: 6-phosphofructokinase
Show 60 genejs) which match this EC Number

Search on OrtheMCL for groups with this EC Number

fpkm -27.1.11

urscie.

‘Starch and sucrose metabolism

Pentose phosphate pathway

- Use the Paint Genera option to determine whether 6-phosphofructokinase has orthologs
across Apicomplexa and Chromerida.
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- What about the enzyme that catalyzes the reverse reaction (Fructose-bisphosphatase)?
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2. Find and explore the compound record page for phosphoenolpyruvate

(phosphoenolpyruvic acid or PEP).

Compound records are accessed by running a compound search available under the “Identify
Other Data Types” heading on the home page. For example, compounds may be retrieved by

Search for Other Data Types

ID, text, metabolic pathway, molecular formula, molecular
weight and metabolite levels. Compound records can also be
accessed from the metabolic pathway legend after clicking on a
compound (blue circle) in the map.

- Choose one of these searches and retrieve the PEP record
page.

- Alternatively, you can reach the PEP record page via a
metabolic pathway where it is present as a substrate or a
product of an enzymatic reaction (ie. glycolysis). Click on the
node representing a compound

expand all | collapse all

Find a search

* Popset Isolate Sequences
Genomic Sequences
Genomic Segments
SNPs
SNPs (from Array)

ESTs

ORFs

Metabolic Pathways

Compounds
Compound ID
Enzymes
Metabolic Pathway
Metabolite levels
Molecular Formula

» Molecular Weight
Text (synonym, InChl, etc.)

expand all | collapse all
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- Which method did you use to get to the PEP record page? What compound name worked
the best?

- Examine the PEP record page.
- What data sections do you see?

- Under which conditions is PEP present at highest concentrations? (Hint: navigate to the
Metabolomics section)

¥ Metabolomics & Download = Data sets

- Name Summary Attribution Assay Type
Mass and of P falciparum 3D7 infected RBC, isolated parasites, and metabolite levels
*  Profiles for uninfected RBC extracts determined by mass spectrometry. The effect of pH on steady-state metabolite levels
C: and was

Mass Profile - CHEBI:44897
B4 74 | B4

Infected RBC petel
Uninfected RBC palist
Parasites paliet
Infected RBG media

Uninfected RBG media
20000

™

Farasites media

10. Identify metabolites (compounds) that are 20-fold enriched at pH7.4 in saponin lysed infected
red blood cell (iRBCs) pellets compared the pH7.4 percoll pellet.



This requires running a metabolite levels search (2-fold enriched in saponin pellet
compared to the percoll pellet as the reference).

Search for Other Data Types

Identify Compounds based on Metabolite levels

For the Experiment  Effect of pH on metabolite levels (Lewis, Baska and Llinas) Be .
T Be g one cr;mn: that would meet search
expand all | collapse all with a Fold change »= mo (Dots represent this. ) bolite levels for selected samples)
[ Find a search... Q] (2] between sach compaund's metabolits lsvel @ Up-regulated
» Popset Isolate Sequences in the following | Reference Samples ©
» Genomic Sequences infected RBG (Percoll) pH 6.4 peliet
» Genomic Segments B infected RBC (PercoljpH 74 pellet || pe=------- ®--- Metabolite
infected RBC 84
, SNPs inf :sc {Percoll) pH 8.4 pallet s Level .
uninfected RBC pH 6.4 peliet g Comparison
* SNPs (from Array) uninfected RBC pH 7.4 peflet @
» ESTs select al | clear all 4 3 b SEEEEEEEE Metabolite
* ORFs Level
+ Metabolic Pathways and its metabolite level @ Reference
~ Compounds in the following _ 12} se erence s|:|m|:|lansur|
« Compound ID uninfected RBC pH 8.4 pellet amples Samples
+ Enzymes isolated parasites {saponin) pH 6.4 pellet
+ Metabolic Pathway (B isclated parasites (ssponin) pH 7.4 pelet You are searching for compounds that are up-regulated between one
+ Metabolite levels  pmeee— | o 20 o reference sample 4~ cne comparison sample.
infected RBC (Percoll) pH 6.4 media
* Mol lar Formula select al | clear all 4 For each compound, the search calculates:
» Molecular Weight
« Text (synonym, InChl, etc. _ Somparisan metabokte Jevel
(symony ) fold change = = e metabolite fevel
expand | comepse.ol and retums ven fold change >=
See the detailed help for this search.

Get Answer

- How many compounds did you get?
- How many of these compounds (metabolites) are NOT enriched by 2-fold in the pH7.4
saponin media fraction compared to the percoll media as reference?

Add Step 2 : Metabolite levels

For the Experiment [ Effect af pH on metabolite levels (Lews, Baska and Uinas) % ) €
retun compounds that are (preguistes %)@

.

between each compound's metabolite level @
in the following | Reference Samples ©
isolated parasites (saponin) pH 7.4 pallet
isolated parasites (saponin) pH 8.4 pellet
infected RBG (Percoll) pH 6.4 media Llﬂehbolno
3 infected B (Percol] pH 7.4 media ovel
B Comparison
infected RBC Percol) gH B.4 media

howing one d that would meet search

critet
(Dots represent this compounds metabolits levels for selected sampies)

select al | clear all Metabolite
Level
Reference

and its matabolite level €

illhuhﬂmﬁm_a

uninfected RBC pH 7.4 media

uninfected RBC pH B.4 media

isolated parasites (saponin) pH 6.4 media.
g isolated parasites (saponin) pH 7.4 media

isolated parasites (saponin) pH 8.4 media
select all | clear all

Samples Samples

You are searching for compounds that are up-regulated between one
reference sample and one comparison sample.

- comparison metabolite level
fokd change = = rence metabaiits fevel

See the detailed help for this ssarch,

‘Combine Compounds in Step 1 with Compounds in Step 2:

@ iintersect: o@D 1 Minusz
. 1 Union 2 . 2 Minus 1

Run Step



To which metabolic pathways do these compounds belong? Click Add Step and transform
the results to metabolic pathways.

fold change
82 Compounds

fold change _@_p cpd->pthwy Add St
ole|
93 Compounds 25 Compounds 124 Pathways P

Step 1 Step 2 Step 3




