Module 7
Enzymatic Function

Verifying enzymatic function of your gene product if
working with an enzyme

Question to Answer:
Can you verify if your gene has enzymatic function?
Is your protein a part of a pathway or a system




Objectives

1. Document pathways or processes In
which the protein functions

2. If your protein is an enzyme

»Determine Enzyme Commission (EC) Number



Notebook

Enzymatic Function Module

Module Instructions

KEGG

gQ to http://www.genome.jp/kegg/pathway.html

KEGG pathway

[ =save for annotation report ]

Pathway map

Imap image

MetaCyc
go to http://metacyc.org/|

Pathway map

[ map image

E.C. Number

http://www.expasy.ch/enzyme/enzyme-search-ec.html

[ save for annotation report |

EC Name

[ save for annotation report

EC Number

Summarize the results of the enzymatic function module in the
box below.

Is this gene an enzyme?

If so, what is the accepted name for the enzvme:




What are Enzymes??

Enzymes: proteins that act as catalysts for reaction in cells
and organisms

1. A catalyst speeds up the rate of a chemical reaction (no
change)

2. Enzymes can be
1. intracellular (speed up reactions) and
2. extracellular enzymes (let out to work in systems like digestive)

3. Enzymes are highly specific and takes part in metabolic
reactions from the digestion of food to the synthesis of DNA, to
clotting of blood.

1.  Enzymes can build UP (anabolic)
2. break down substances (catabolic)

4. Most enzymes are proteins, although some catalytic RNA
molecules have been identified.



Does the protein of interest have enzymatic function?
GENI-ACT

Select Team

Selected Team: Instructor Demonstration Genes - Ramal Switch to Hrithik Bagga JI Switch to Stephen Vasquez H Switch to Dhruv PrasadJ
[ Switch to Yvette Rodriguez ” Switch to Emily Brooks H Switch to Jillian O'Shaughness; v ][ Switch to Syed Adnan Uddin H Switch to Erica Wicher ]
l Switch to Matthew Spink ]l Switch to Aparna Viswanathan

Team Overview

Team Assig

I Selected Locus : KSED_RS00010
. ; . ;

27 ok ok 1k %4 \\ C iC
.,,0: %ON Ksed_00010 Ksed_00020 I k
Ksed_27000 Ksed_27030
< :ﬁed_zmo ?jd_ 222 >
Locus Ksed_00020
| Go to the gene details page in
Coordinates 2317..3453

GENI-ACT and look at the

Longih / product name.

If your gene ends in “ase” it is

Gene Name
probably an enzyme and
further investigation is

Gene Products DNA polymerase lII, beta subunit =
required!

Note PFAM: DNA polymerase Il beta subunit, C-terminaldomain;

DNA polymerase |Il beta subunit, central domain;DNA
polymerase llI beta subunit, N-terminal domain; TIGRFAM:
DNA polymerase llI, beta subunit




A Word of Caution...

Gene Information

Gene Object ID 2500607918

Gene Symbol

Locus Tag PimDRAFT 27940

Product Name ABC-type branched-chain amino acid transport system, [permease|component
IMG Product Source COG4177

A permease is NOT an enzyme...just a membrane transport protein
facilitating the diffusion of a specific molecule in or out of the cell by
passive transport.




KEGG

Kyoto Encyclopedia of Genes and Genomes

- KEGG is a database of biological 7 5 Uy

information compiled from published Geo#t tnd Genomes )

material. GG

- Includes information on genes, proteins I
and metabolic pathways for specific
organisms and how these components
are organized in the cell.

The Good: Information is reliable!

The Bad: Information is not available for many
organisms, for e.g. Kytococcus. We may have to
rely on information from other organisms.




YV V V V

SOP — KEGG PATHWAY

First choose the name of your protein of interest from Notebook.
Decide whether to start with nr or SP database results

Click on link: https://www.genome.jp/kegg/pathway.html

Select Menu on left panel — click on KEGG2 in drop-down menu

Add short name in Search window (you have to try all names that you see
associated with BLAST results.) Hit Go.

It returns an interface which users can examine for KEGG Orthology

Click on the first ortholog. This orthology interface allows one to examine EC
Number, Pathways ko #, BRITE hierarchy, Reaction (RN#) as well as the
different gene from different organisms. Get familiar with EC #.

Copy and paste any information into notebook. The more information you keep
about your gene of interest in your notebook the better to understand your gene.

Once you find the generic pathway the gene of interest is in red surrounded by a
red box. Next, you can check if the gene has been called in Kytococcus

For that go to top of page and in the search window labeled Reference pathway
(KO) start typing Kytococcus sedentarius, select and Hit Go.

You should check to see if the EC # is in a green box =called in K.sed. If in white
box uncalled. Keep both Pathway maps in notebook.




GENI-ACT
Gene Details page

Microbial Genomics / Kytococcus sedentarius DSM 20547 / NC KSED_RS02105 W

M4 Gene Browser (reset) L

425k 429k

4,
T e e e L o e T A L ot St S e o e o o ot N S A

KSED RS02100 KSED RS02110 )
I ——)

Genome

Old Locus Tag

Ksed_

Products




>KSED RS02105-Ksed 04340-aa sequence

MSDONFPTRARVVVIGGGVMGLSTAYHLAKQGVQDVVLVERGELGAGSTCKAAGGVRAQFSDAV
NIELGMRSLEVFRNFPELFDQDIDLDECGYLFLLEREEDLRTFERNVELQRSMGLESRITSVEE

BLAST — Best Choice

AKELSPLISTEGLIAGVWSPEAGHCTPESVVQGYARAARALGVRIIRHCEVTDVVREGDTITSV
ETAQGSIATDTVVCCAGAWSRALGDMVGVDLPVDPVRRELLVTEPMPDLPANVPEFTIDFSTTMY
FHREGPGLLVGMSNQDEEPGFSLEHTDEWLEQVVEAAGRRVPVLEEVGMASRWAGLYEVTPDHNALIGEAEGVSRFLYATGFSGHGFLQGPAVGQVMAELYLGQTP

SVDVTALHGRRFEGAGLRPEFN IV

nr database

SP database

fuery seq.
[Specific hits

Isuperfanilies | DAO superfamily J

Distribution of the top 103 Blast Hits on 100 subject sequences &
Mouse over to see the title, click to show alignments

Color key for alignment scores

W <40 W40-50 Mso0-80 Ws0-200 W>=200
1 70 140 210 280 350

1 s 1 150 200 b 2w a9
Query seq,
Specific hits
Superfanilies | DAO superFfamily
Distribution of the top 100 Blast Hits on 100 subject sequences &
Mouse over to see the title, click to show alignments
Color key for alignment scores
W <40 W40-50 W s0-80 W s0-200 W >=200
1 70 140 210 280 350
Sequences producing significant alignments:
Select: All None Selected 0
T Algnments °
Descrigtion :::' :’:" ?:"",y ;" Ident Accession
E) pap-tingng IKtococcus sedentanus] 783 783 100% 0.0 100.00% WP 0128019261
O] gap-dinging IXitococeys aerolatus] 640 640 100% 0.0 8161% WP 0029189801
) pap-dinging ondoreductase Iitococcus schrosten) 639 639 100% 00 8394% WP 101840814
£ pp-pinging IKitococoys sp HMSC28H12! 639 639 100% 00 8394% WP 0707033851
O gpp {Propionibacieniaceas bacterum NML 030167) 434 434 98% Se172 64.06% WP 0944060121
) £AD-2inding andoreductase IPropionidactenaceas bactenum NHL 061049) 493 493 9% Te171 G458% WP 0944261231
) WNISPECIES: FAD-binging Junclassifed 493 493 98% 20171 64.32% WP 0944038501
) pap-tining axdoreductase IPropionidactenaceas dacterium Nl 090529) 492 492 98% Se-171 64.32% WP 0044500521

o ——NA
Sequences producing significant alignments:

Select: All None Selected:0

ii Alignments o

Max Total Query E
score score cover value

‘ Description Ident  Accession

‘E Rechame. Full=Sarcosine d

Shor=SarDH. Flags: Precursor 189 189 96% de52 3393% 0543802
= 188 188 96% Be-52 3368% QGLBTY
186 186 96% 3e51 3155% Q633421

‘E Rechiame: FulSarcosine dahycrogen Shot=SarDH AName FUI-EPR - 183 183 95% SedD 3333% QUULI2
|0 Rechiame FullzDimethvighcine mitochondrial AtName: Fyllz=ME2GLYDH: Flags: Pracursor 182 182 96% Be-50 30.79% QIDETS1
O Rechame FulzDimetvighaine mitochondrial, AtName: FyllzME2GLYDH. Flags: Precursor 174 174 96% 9ed7 30.03% QU172

FAD-binding oxidoreductase
[Propionibacteriaceae bacterium]

sarcosine oxidase subunit beta
[Propionibacteriaceae bacterium NML 030167]

BLAST:

Sarcosine dehydrogenase,
mitochondrial; Short=SarDH;
(oxidoreductase)Rattus norvegicus

1)  FAD-binding oxidoreductase (Propionibacteriacae)
2)  Sarcosine oxidase subunit beta (Propionibacteriacae)




Best choice

CDD Search
3§ S0 100 150 200 250 300 350 386
Query seq,
Specific hits
Non-specific thiamin_Thi0
hits
s0lR
Superfanilies DAO superfamily
4 )
Search for similar domain architectures | @ Refine search ] ®

List of domain hits "

Name Accession Description Interval E-value
[+ DadA COG0665: Glycine/D-amino acid oxidase (deaminating) [Amino acid transport and metabolism]; 22-380  1.51e-77
[+ DAO pfam078g6 | FAD dependent oxidoreductase; This family includes various FAD dependent oxidoreductases: ..} 22-356  7.78e-68
[+ thiamin_Thi0  TIGR02352\_ glycine oxidase ThiO: This family consists of the homotetrameric, FAD-dependent glycine ... 26-361  1.97e-43
[# solA PRK11259 \\-methyltryptophan oxidase; Provisional 23-374  7.15e-30

COG0665: DadA (If you put DadA into KEGG2 it returns with EC 1.4.5.1 D-amino-acid

dehydrogenase which is not called in K Sed. And incl in phenylalanine metabolism

COG0665 is a member of the DAO superfamily cl26293.

Cl126293 : FAD dependent oxidoreductase (Flavin adenine dinucleotide= FAD)
This family includes various FAD dependent oxidoreductases: Glycerol-3-
phosphate dehydrogenase EC:1.1.99.5, Sarcosine oxidase beta subunit
EC:1.5.3.1, D-alanine oxidase EC:1.4.99.1, D-aspartate oxidase EC:1.4.3.1.

BLAST:
1)  FAD-binding oxidoreductase (Propionibacteriacae)
2)  Sarcosine oxidase subunit beta (Propionibacteriacae)



KEGG Pathway Database

CLICK Menu https://www.genome.jp/kegg/pathway.html

<

KEGG PATHWAY Database

Wirlag diagrams of molecwlar isteractions, reactions and relations
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Put in the
A N name Qf 1_:he
K o KEGG - Table of Contents protein in
search
window
Menu PATHWAY BRITE MODULE KO GENO GENES LIGAND DISEAS
Search KEGG iv ‘for sarcosine :xidase ‘ | Go |

Data-oriented entry points

Category Entry Point Content DBGET Search
T S— KEGG PATHWAY KEGG pathway maps PATHWAY
in\f,ormation KEGG BRITE BRITE hierarchies and tables BRITE
KEGG MODULE KEGG modules MODULE
KO (KEGG Orthology) Functional orthologs ORTHOLOGY
Gefznomu: KEGG GENOME KEGG organisms (complete genomes) GENOME
P KEGG GENES Genes and proteins GENES
KEGG SSDB GENES sequence similarity
p e T—r— KEGG COMPOUND Small molecules COMPOUND
e S S KEGG GLYCAN Glycans GLYCAN
(KEGG LIGAND) KEGG REACTION Reactions and reaction classes REACTION RCLASS
KEGG ENZYME Enzyme nomenclature ENZYME
KEGG DISEASE Human diseases DISEASE
Health KEGG DRUG Drugs and drug groups DRUG DGROUP
x : KEGG ENVIRON Health related substances ENVIRON
information Japanese drug labels (JAPIC)
KEGG MEDICUS Fhe 9

FDA drug labels (DailyMed)

KEGG is developed by Kanehisa Laboratories. See Kanehisa et al. (2017) for updates of KEGG.

Subject-oriented entry points




SEARCH Term : sarcosine oxidase

Kbe Search| KEGG v | for |sarcosine oxidase |[ Go || Clear |

Database: KEGG - Searchterm: sarcosine oxidase
KEGG BRITE

ko00001

KO; KEGG Orthology (KO)
ko01000

Enzyme; Enzymes

KEGG ORTHOLOGY

K00301

E1.5.3.1; sarcosine oxidase [EC:1.5.3.1]
K00302

SOXA; sarcosine oxidase, subunit alpha [EC:1.5.3.1]
K00303

soxB; sarcosine oxidase, subunit beta [EC:1.5.3.1]
K00304

soxD; sarcosine oxidase, subunit delta [EC:1.5.3.1]
K00305

soxG; sarcosine oxidase, subunitgamma [EC:1.5.3.1]
»++ 5 display all

KEGG GENES

hsa:51268
PIPOX, LPIPOX; pipecolic acid oxidase (EC:1.5.3.1 1.5.3.7); KO0306 sarcosine oxidase / L-pipecolate
oxidase [EC:1.5.3.1 1.5.3.7]
ptr:454541
PIPOX; pipecolic acid oxidase; KO0306 sarcosine oxidase / L-pipecolate oxidase [EC:1.5.3.1 1.5.3.7]
pps:100992747
PIPOX; pipecolic acid oxidase; KO0O306 sarcosine oxidase / L-pipecolate oxidase [EC:1.5.3.1 1.5.3.7]
gg0:101145672
PIPOX; peroxisomal sarcosine oxidase; KO0306 sarcosine oxidase / L-pipecolate oxidase [EC:1.5.3.1
15.3.7]
pon:100172798
PIPOX; pipecolic acid oxidase; KO0306 sarcosine oxidase / L-pipecolate oxidase [EC:1.5.3.1 1.5.3.7]
»++ 5 display all

KEGG DGENES

T10005:8761
K00306 sarcosine oxidase / L-pipecolate oxidase [EC:1.5.3.1 1.5.3.7]

T10016:PHUM240800
monomeric sarcosine oxidase, putative; K18166 FAD-dependent oxidoreductase domain-containing
protein 1




K[GG ORTHOLOGY: K00301
Help

Entry K00301 KO

e 1.EC NUMBER 1.5.3.1

sarcosine oxidase |[EC:1.5.3.1]

Pathway koee2ee |Glycine, serine and threonine metabolism
Metabolic pathways

|Brite orthology (KO) [BR:ko2eeel]
291ee Metabolism
29105 Amino acid metabolism
00260 Glycine, serine and threonine metabolism
Kee3el E1.5.3.1; sarcosine oxidase
Enzymes [BR:koeleee]
1. Oxidoreductases

1.5 Acting on the CH-NH group of donors

' 1.5.3 with oxygen as acceptor
3- CIICk for 1.5.3.1 sarcosine oxidase

Kee3el E1.5.3.1; sarcosine oxidase

pathways BRI hirarchy 2. Click for

| P

ourel” DBS |[RN: Reesle el

COG: COGeees reaCti On

GO: ©208115

|Genes HAA: AS5892_e98es
BMQ: BMQ_1549

BMD: BMD_1521

BMH: BMWSH_3689(S01A)
BMEG: BGe4_3832(SOXA)
PB): VN24_07410

TMR: Tmar_e598

MAV: MAV_e142

MMC: MmCS_2460

MKM: Mkms_2505

» show all

Taxonomy KOALA  UniProt

|Reference |PMID:18220347

Authors |wagner MA, Khanna P, Jorns MS

Title Structure of the flavocoenzyme of two homologous amine oxidases: monomeric
sarcosine oxidase and N-methyltryptophan oxidase.

Journal |[Biochemistry 38:5588-95 (1999)
DOI:10.1021/bi9829550




Reaction

Klee REACTION: R00610

Help
Entry RO0O610 Reaction
Name sarcosine:oxygen oxidoreductase (demethylating)

Definition|Sarcosine + H20 + Oxygen <=> Glycine + Formaldehyde +
Hydrogen peroxide

Eguation c00213 + C00001 + CO0O0007 <=> CO00037 + CO0O0067 + C00027

H 9 o
H C’N\)LOH HOJI\/NH"’

3
Cco0213 \zf/,f> \ﬁf/’- —\\tl/, —\\ih// CO0037
H

O=CH, HO-OH

Co0o007 COo0067 coooz?
C0o0001

RPairxr RPOOOO6 C00007_C00027 cofac [RC:RC02755]
RPOO161 C00037_C00213 main [RC:RC00060]
RP0S5693 C0O00001_cCc00067 leave

RP05940 C00067_C00213 main [RC:RC00557]

Enzyme 5 U T S

Pathway rn00260 Glycine, serine and threonine metabolism
rn01100 Metabolic pathways

Oxrthology |KO0301 sarcosine oxidase [EC:1.5.3.1]

KO0302 sarcosine oxidase, subunit alpha [EC:1.5.3.1]

KO0303 sarcosine oxidase, subunit beta [EC:1.5.3.1]

KO0304 sarcosine oxidase, subunit delta [EC:1.5.3.1]

KO0305 sarcosine oxidase, subunit gamma [EC:1.5.3.1]

K0O0306 sarcosine oxidase / L-pipecolate oxidase
FECE-4.:5.3:1 2. 5.35F)

Sarcosine + H20 + Oxygen <=> Formaldehyde + Hydrogen peroxide + Glycine

Substrate Product

Sarcosine oxidase is the enzyme (EC1.5.3.1) that catalyzes the oxidative demethylation of
sarcosine to yield formaldehyde, H,O,, and glycine,



K[OG ORTHOLOGY: K00301
Help

Entry K00301 KO

[ a5 2.4 - 1.EC NUMBER 1.5.3.1

sarcosine oxidase |[[EC:1.5.3.1]

koee2ee |Glycine, serine and threonine metabolism
koel1ee |metabolic pathways

|Brite orthology (KO) [BR:koeeeel]
29120 Metabolism
2915 Amino acid metabolism
00260 Glycine, serine and threonine metabolism
Kee3el E1.5.3.1; sarcosine oxidase
Enzymes [BR:koeleee]
1. oxidoreductases

1.5 Acting on the CH-NH group of donors

' 1.5.3 with oxygen as acceptor
3- CIICk for 1.5.3.1 sarcosine oxidase

Kee3el E1.5.3.1; sarcosine oxidase

pathways BAITE horarchy 2. Click for

| P

oonel” DBS |RN: Rees1e I~

COG: COGOEES fea Ct| on

2008115

|Genes AS5892_098e5
BMQ_1540
BMD_1521
BMWSH_3689(s01A)
EG: BGe4_3832(SOXA)
PB): VN24_e7410
Tmar_e598

T MAV_e142

T MmCS_2460
Mkms_25@5

» show all

Taxonomy KOALA  UniProt

|Reference |PMID:10220347

Authors |[wagner MA, Khanna P, Jorns MS

Title Structure of the flavocoenzyme of two homologous amine oxidases: monomeric
sarcosine oxidase and N-methyltryptophan oxidase.

Journal |Biochemistry 38:5588-95 (1999)

DOI:10.1021/bi9829550

P88 E|°

2




Ko 00260: Amino acid metabolism
Glycine, Serine, and Threonine Metabolism

Reference pathway (KO)

Kbc Glycine, serine and threonine metabolism

100% ~

| GLYCINE, SERINE AND THREONINE METABOLISM |

Glyoxylate  Phospho-

54211

metsholism

2
D-glycerate

-

54212

271.165

111

118

—

Glycerate

Hydroxy- —ﬂ+

3P-D- Glyv:ente

{ Methane metsholism )—

= Glyreolysis /
lf ' Gl&conzsogeness

A rt'u‘
e 2.73.5 O B Psbeoe

m

D-Serine  D-Lorub:

5.1.1.10
(( sphingolipid metabolism ) aE
A R -
26.1.51 \A| Serine 43.1.19 P 1o retabolism
[2788] | L-Tryptophane
2123 | 142.120) W%-B — ——0>( Tryptophane metabolisr
2 g |
Glycerophospholipid ey _ _ CystathionineQ [~————>( Sulfur metsholisra S
métabobsm o.Phpspmidyl- . I\ Y ( e F——— )
é C : E 5,10-Methylene-THF
e B
L-Cysteine Lidadl 1.42.1 | Glyoxylal 'i> Glyoxylate N bpoygxole
114157(1.1.99.1 m‘___ 2112 I—O‘-l 2141 1433 ik metabolism
1.13.17)| GbsB 'j—| Guanidinoacetate
) [2614][26144 S
1211157} THF [iz14]
12.18 ( Dunethylgj 1 b4 1531 S glycme_) S-Asino-
[ 2.1.15 | [ 15840 O 1442 O methyldihydro-
nSpeC map (11317 Apoame 1583 j { lipoylprotein y
for EC b ———{21ix] ll h o o
Or n u m er (211156 | H;,C’N\)LOH HOJI\/NHZ
orgenename [ (- LN N
— H\O/H 0=0 0O=CH, HO-OH
— §

corresponding
to your gene

C00007 C00067 c00027

Co0001

Sarcosine + H20 + Oxygen <=> Glycine + Formaldehyde + Hydrogen peroxide

Substrate

Product




In Kytococcus sedentarius

Glycine, serine and threonine metabolism - Kytococcus sedentarius

[ Pathway menu | Organism menu | Pathway entry | Download KGML | Show description | User data mapping ]

Kytococcus

sedentarius v | Go 100% <«

| GLYCINE, SERINE AND THREONINE METABOLISM |

o o
’ B D-Lombricize a
——————— N[O ey iing
=
[261.45) Lo R
261351 .
Olyceropborpbolipi |y — e e e —
bolsm
gcm

114157011991 - ik
113178 GbsB

),
Betaze
Adebyde

If you start
typing
Kytococcus
sedentarius in
the search
window and hit
Go

you will be
taken to the
same pathway
which will be
annotated and
color coded
specifically for
the genes in the
pathway that
have been
called in
Kytococcus
sedentarius



IMPORTANT

Even if the gene does not appear to be an enzyme by name, still perform the KEGG search
and report any pathway information, but make a note that the gene has “no enzymatic
function”

Your gene may function in more than one pathway in the cell

E.g. Ksed_00010_ RS00005

>Ksed 00010
MSQTPDDHATAIWQEAMVHLOGAGLAPRDIGVLRLATLVGLLEGTALLAVKYDHVKDAVEGHLR

EDVSTALAEVLDRDIRLAVSVDPDAVSAAQEEAAPPAPSPADEDDPATGEGPLSTAVDGAVEKH
EGSSPARAGESVAPATTASLTATNSSPGVERDYSALNHKYTEFDTEVLGSSNRFAHAAATAVAEA
PARAYNPLFIYGGSGLGKTHLLHAIGHYARTLDSSVRVKYVNSEEFTNQFINAVSAGQANAFQOR
QYRDVDVLLIDDIQFLOGKEQTMEEFFHTEFNTLHNSEKQIVITSDQPPKKLSGFAERMRSREFEW
GLLTDVQPPDLETRIATILRRKAAADKLDIPDDVLHLIASKISSNIRELEGALTRVTAFASLSGS
PLDEYLARTVLKDVMPGGDSGQITPTMILEETAGYEFVISVEETIQGASRSRNLTRARQIAMYLCR
ELTDLSLPKIGKEFGGRDHTTVMHAERKIKQLLGEDRRVYDEVSELTSIIRKKAARGR




Example 1 : Gene : Ksed 00010

Chromosomal replication initiator protein

KEGG - Table of Contents

COG0593: DnaA
Chromosomal replication initiation ATPase DnaA

KEGG2 PATHWAY BRITE MODULE KO GENOME GENES LIGAND DISEASE DRUG DBGET

[ Go ] [ Clear]

Search KEGG
Category Entry Point Search & Compute DBGET Search
KEGG PATHWAY
Path
cvetems  KEGG BRITE EZZEEE B‘:l.tteway PATHWAY
in)flormation KEGG MODULE Reconstruct Module BRITE
KEGG Mapper e MODULE
KEGG Atlas P y
KEGG ORTHOLOGY BlastKOALA new!
KEGG Annotation KO system BANERN
,G‘;"“°m'§_ KEGG GENOME SSDB search GENOME
WROTIaUON  KECG GENES OC viewert GENES DGENES
KEGG Organisms BLASTT / FASTAT MGENOMET
[ Species | Genus ] KAAST MGENEST

KFGG I TGAND

SIMCOMPT / SUBCOMPT



Example 1 : Gene : Ksed 00010 or RS 00005

"[ec ORTHOLOGY: K02313 .
P

Entry K02313 KO

Name dnalA

Definition|chromosomal replication initiator protein
Pathua&:::?Bﬁfﬁ?O Two-component system
1ko04112 Cell cycle - Caulobact
Brite KEGG Orthology (KO) [BR:ko00001]
Environmental Information Processing
Signal transduction
02020 Two-component system
K02313 dnaA; chromosomal replication initiator pro
Cellular Processes
Cell growth and death
04112 Cell cycle - Caulobacter
K02313 dnaA; chromosomal replication initiator pro
DNA replication proteins [BR:ko03032]
Prokaryotic Type
DNA Replication Initiation Factors
Initiation factors (bacterial)
K02313 dnaA; chromosomal replication initiator pro
Chromosome [BR:ko03036]
Prokaryotic Type
Nucleoid associated proteins
Other nucreoid associated proteins
K02313 dnaA; chromosomal replication initiator pro

<« m | »

BRITE hierarchy

Genes ECO: Db3702(dnak)
ECJ: Y75 _p3471(dnah)
EBW: BWG_3392 (dnad)
ECOK: ECMDS42_3138 (dnak)
ECE: 25193 (dnaa)
ECS: ECs4637 (dnaa)
ECF: ECH74115_ 5130 (dnaa)
ETW: ECSP_4748 (dna’)
ELX: CDCO157_4373(dnad)
EOJ: EC026_4880 (dnad)

» show all

Taxonomy = KOALA | UniProt
Rafaranra IDMTN-1NS551R221




Ko-02020- 2 Component System: Environment information processing
Signal transduction

el chromosomal replication initiator protein DnaA
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Two-component signal transduction systems enable bacteria to _ _
sense, respond, and adapt to changes in their environment or in Your current gene is highlighted
their intracellular state. Two-component pathways thus often enable . :

it s : in pink.
cells to sense and respond to stimuli by inducing changes in . .
transcription. In this case it is osmotic stress. Scroll down to find it.
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If you start typing
Kytococcus
sedentarius in the
search window and
hit Go you will be
taken to the same
pathway which will
be annotated and
color coded
specifically for the
genes in the
pathway that have
been called in
Kytococcus
sedentarius



Ksed 00010 : Cellular Processes : Cell growth and death

) The division process
Current Genome: Ky800000us sedentarius S41. DSIM 20547 =
N is centered around
T R—— three master
L Genes ound In omer genomes .
regulator proteins,
] DnaA, GcerA, and
R CtrA. DnaA and GcrA
(REF-hass A together drive the
synthesis of proteins
: y P
Y S R = g needed to complete
| DNA replication.
; P
— DnaAis hl_ghllghted In
‘“'"""g pink.
In this case the cell
cycle from Caulobacter
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MetaCyc

-MetaCyc is a curated database of
nonredundant, experimentally
elucidated metabolic pathways

-The goal of MetaCyc is to catalog the
universe of metabolism by storing a
representative sample of each
experimentally elucidated pathway

Caspi et al. (2008)
NAR 36: D623-631.



SOP MetaCyc

» Go to http://metacyc.org/

» Enter the EC # Quick Search

» Results 3 proteins, 1 Reactionand 1 EC #
» Click on the actual reaction

» Look for “In Pathway”

» In this case creatinine degradation Il, creatinine
degradation I, glycine betaine degradation |

» Look at descriptions below and copy whatever is
necessary to understand the function of the gene
under study

» Select each and read up and keep as much
information in notebook as helps you.

» Look at schematic gene reaction




1.5.3.1 in Quick Search
window

BLib |} geni-act [T] mgan [ WNY -NSF { "} COE sharepoint [l HGNC database of hu... [l] GeneCards - Human G... W Twitter

C || Q Search

€ @ metacyc.org/META/substring-search?type=NIL&object=1.5.3.1&quickSearch=Quick+Search

@ Getting Started 8 Most Visited [ Google [F Facebook [ Facebook & Pubmed [ Blackboard Learn |
¥ Metabolic Modeling Tutorial
@ M ETACYC foperatonens [1531

AL Searching MetaCyc change organism database

A member of the BloCyc database collection

LOGIN | Why Login? | Create New Account

Quick Search | Gene Search

Sites * | Search v | Genome ¥ | Metabolism ¥ | Analysis ¥ | SmartTables v | Help~ |

Alternative searches:

Search Results for 1.5.3.1
using database MetaCyc whatis this? o Full text search for 1.5.3.1 on all pages in this
database using Google
o Full text search for 1.5.3.1 on all pages of this
website using Google

Proteins (3) | Reactions (1) | EC Numbers (1)
Proteins Gene/Gene Product pages contain: chromosomal location of gene; depiction of its operon; link to genome browser; detailed summaries and citations; subunit structure (for protein complexes);

cofactors, activators, and inhibitors (for enzymes), depiction of regulon (for transcriptional regulators), protein features.

* sarcosine oxidase - Achromobacter denitrificans
« sarcosine oxidase - Arthrobacter sp. TE1826
 sarcosine oxidase - Corynebacterium sp.

A

¥ Turn into a temporary
SmartTable
or log in to turn into a

_permanent SmartTable.

Reactions Reaction pages contain: reaction equation with chemical structures, links to all enzymes that catalyze the reaction, and all pathways in which the reaction participates.

@Hzo — glycine + formaldehym‘ C I i C k

{
’e Turn into a temporary

SmartTable
or log in to turn into a
permanent SmartTable. |

EC Numbers EC Number pages contain: links to reaction and enzymes associated with the EC number in this database, names, description, citations, etc. from the Enzyme Commission ontology.

* 1.5.3.1 -- sarcosine oxidase

¥ Turn into a temporary
SmartTable
or log in to turn into a

permanent SmartTable.

Report Errors or Provide Feedback
Page generated by SRI International Pathway Tools version 18.5 on Tue Mar 10, 2015, BIOCYC148.

MetaCyc version 18.5.




Reaction Schematic + Pathways

e U YTew—TIISToTy, TOOTS TP

Problem loading page x | | NCBI Conserved DomainS... X | @ KEGG PATHWAY: Purine m... X | geni-act

< 1531[EC/RN Number] - P... X

€ @ metacyc.org/META/NEW-IMAGE type=REACTION&object=SARCOX-RXN ¢ || Q search wBEa 3 A=
e Getting Started B Most Visited m Google Ed Facebook [ Facebook ;3 Pubmed [ Blackboard Learn | B Lib «, geni-act ﬁ mgan Ed WNY -NSF {} COE sharepoint - HGNC database of hu... . GeneCards - Human G... W Twitter = STELAR - STEM Learni... »
Reactions Classified By Substrate — Small-Molecule Reactions A hide
MetaCyc
EC Number: 1.5.3.1 y
Reaction:
Enzymes and Genes: 1.5.3.1

sarcosine oxidase & ( Achromobacter denitrificans )
sarcosine oxidase & : soxA ( Arthrobacter sp. TE1826 ) O O a a Wa yS OPERATIONS

sarcosine oxidase & : soxA , soxB , 50xG , soxD ( Corynebacterium sp. ) / Download atom mapping(s) for this

reaction
Comparison Operations
in: Coloring? _[[] Atom Numbering? Show this reaction in another B
database

o o 0 Change organisms/databases for

\NH2‘\/ (o Yo H\O/H ’H3”/\( (I: HO—OH comparison operations
0 + oxygen + Hy0 —_— 0 + H” SH +  hydrogen peroxide Search for this reaction in other

sarcosine glycine formaldehyde — databases

Can Keep in Note book Species Comparison

The reaction direction shown, that is, A+ B « C + D versus C + D « A + B, is in accordance with the Enzyme Commission system.

Mass balance status: Balanced.

Enzyme Commission Primary Name: sarcosine oxidase

m

Standard Gibbs Free Energy (4,G" in kcal/mol): -19.853012 & [Latendresse13]

Enzyme Commission Summary:
A flavoprotein (FAD). The flavin is both covalently and non-covalently bound in a molar ratio of 1:].

Citations: [Suzuki81, Hayashig0]

Gene-Reaction Schematic:

Arthrobacter sp. TE 1826

Corynebactenum sp.

Unification Links: KEGG:R00610 , Rhea:13313

Relationship Links: BRENDA:EC:1.5.3.1 , ENZYME:EC:1.5.3.1 , IUBMB-ExplorEnz:EC:1.5.3.1 , UniProt:RELATED-TO:P23342 , UniProt:RELATED-TO:P40859 , UniProt:RELATED-TO:P40875

References

Hayashi80: Hayashi S, Nakamura S, Suzuki M (1980). "Corynebacterium sarcosine oxidase: a unique enzyme having covalently-bound and noncovalently-bound flavins.” Biochem Biophys Res Commun 96(2);924-30. PMID: 6158947




MetaCyc Pathway 1: creatinine degradation |l

¥4 Add to SmartTable MetaCyc Pathway: creatinine degradation Il \ﬁ
Enzyme View: All Organisms v Show Predicted Enzymes v More DetailJ Less Detailj Show Regulation DetailsJ (2}
N-carbam oyls arcosine
amidohydrolase (As)
As-A17978
N-methylhydantoin N-carbam oyls arcosine
creatinine deaminase (Pp): Pp-codA + amidohydrolase (Pp) amidohydrolase (Pp)
35421 35214 351.59
creatinine P N-methylhydantoin P N-carbam oylsarcosifje ‘:zwsnne\
a a8 s
H0 ammonium ATP ADP H0 ammonium H0
H 2H0 phosphate sarcosine dehydrogenase (fp) [ H' C0, oxyaen
e 1583 o 1531 | /7 o
an oxidized electron-transfer flavoprotein
H0 \ formaldehyde
hydrogen peroxide
formaldehyde
areduced electron-transfer flavoprotein
\g,m,«/

In this pathway, creatinine is not hydrolyzed back to creatine. Instead, it is deaminated to N-methylhydantoin,
releasing an amonia molecule, by the action of creatinine deaminase (also known as creatinine
iminohydrolase). In all organisms studied so far, a single enzyme shares both creatinine deaminase and
cytosine deaminase [Wyss00]. N-methylhydantoin is then hydrolyzed to N-carbamoylsarcosine, by the action
of N-methylhydantoin amidohydrolase, at the expense of one ATP molecule [Kim87a]. N-carbamoylsarcosine
is deaminated further to sarcosine by N-carbamoylsarcosine amidohydrolase, releasing a second ammonia
molecule. In the last step of this pathway, which is shared with creatinine degradation I, sarcosine is
hydrolyzed to glycine and formaldehyde, by either sarcosine dehydrogenase or sarcosine oxidase.

All of the enzyme involved in this pathway are highly inducible when the bacteria grow on creatinine as the
main source of nitrogen, and in some cases, carbon.



Pathway 3. Glycine betaine degradation 1.5.3.1

L Most Visited A Academia prof

Provide Feedback | [JY 3 6
¥ Add to SmartTable |

{ ElsevDubois G Google @ UMSRPCI & PubMed - NCBI [ Facebook W Twitter @) UB Corefacility @ GENI-ACT 80X [ Mutti-symbol checker...

MetaCyc Pathway: glycine betaine degradation |

Enzyme View: All Organisms + Show Predicted Enzymes + | More Detail | Less Detail| | Show Regulation Details | @

betaine-homocysteine §
-methyltransferase (Rn): Rn-Bhmt
glycine betaine-
homocysteine
- methyltransferase (Ah)
glycine betaine
transmethylase (Pa): Pa-gbt
2115

>N N-dimethylglycine

N
L-homocysteine  L-methionine

H
/an oxidized electron-transfer flavoprotein

dimetylglycine a tetrahydrofolate

dehydrogenase (Rn):

K show operationg

H:0
a 5,104nethyleneietranydmblaw‘\

a lelranydrofolate‘/

Rn-Dmgdh
1 SsTg \_a reduced electron-tranfer flavoprotein
a 5,10-methylenetetrahydrofolate
CoionhCsod Sarcosine is demethylated
= by sarcosine oxidase (EC
nyu:;ogerll:pehro;ide H:0 1 531 ) tO yleld glyClne
maldehyde oxygen
{jg'gnf'rfwmmltrms{erase anhh

2121

L-serine dehydratase (Cs): Cs-sdaA
43117

L.serine x\ » 2enoate
HO
spontaneous
[431.17
spontaneous
[431.17)
pyruvate 2iminopropanoate

ammonium  H:0

» Glycine betaine (N,N,N-
trimethylglycine) is a very efficient
osmolyte found in a wide range of
bacteria and plants, where it is
accumulated at high cytoplasmic
concentrations in response to
osmotic stress, to act as an
osmoprotectant.

Many organisms are also able to
catabolize glycine betaine, using it
as a sole source for both carbon
and nitrogen [Smith88, Lisa83].
Sarcosine oxidase is a complex
enzyme, containing four
cofactors, one of which is
tetrahydrofolate (THF).



Pathways
+ Reaction schematics

T oty 25 T

x \(A) Problem loading page X | % 1531(EC/RN Number]-P.. | = NCBIConserved DomainS... % | @ KEGG PATHWAY: Purinem.. X | geni-act

% (1) MetaCycEC1531

X |+

€ ) @ metacyc.org/ META/NEW-IMAGETtype=REACTIONS:object=SARCOX RXN 2 5o

UB Lib

@ Getting Started |8} Most Visited [} Google B3 Facebook K7 Facebook = Pubmed @ Blackboard Learn | | SID geni-act [T] mgan B3 WNY -NSF { | COE sharepoint [l HGNC database of hu... [l] GeneCards - Human G... W Twitter

Reactions Classified By Substrate — Small-Molecule Reactions

EC Number: 1.5.3.1

Enzymes and Genes:

sarcosine oxidase & ( Achromobacter denitrificans )
sarcosine oxidase & : soxA ( Arthrobacter sp. TE1826 )
sarcosine oxidase & s SoE. b

In Pathway: creatinine degradation Il , creatinine degradation |, glycine betaine degradation |

Look at Pathways

Atom Number

Show Atom Mapping: ! Coloring?

I H H e ?
o c 1
+ oxygen + Hy0 = + H” SH +  hydrogen peroxide
sarcosine glycine formaldehyde

The reaction direction shown, thatis, A+ B «— C + D versus C + D — A + B, is in accordance with the Enzyme Commission system.

Mass balance status: Balanced.

we ¥ AS
STELAR - STEM Leami...
2 hide
MetaCyc

Reaction:

1.5.3.1

OPERATIONS
Download atom mapping(s) for this
reaction

Comparison Operations

Show this reaction in another
database

Change organisms/databases for
comparison operations

Search for this reaction in other
databases

Species Comparison

Enzyme Commission Primary Name: sarcosine oxidase
Standard Gibbs Free Energy (8,G" in kcal/mol): -19.853012 2 [Latendresse13]

Enzyme Commission Summary:

A flavoprotein (FAD). The flavin is both covalently and non-covalently bound in a molar ratjp of ¥

Citations: [Suzuki81, Hayashig0]

Gene-Reaction Schematic: Il

e =0

Arthrobacter sp. TE 1826

Achromobacter denitnificans

Corynebacterium sp.
Unification Links: KEGG:R00610 , Rhea:13313

Relationship Links: BRENDA:EC:1.5.3.1 , ENZYME:EC:1.5.3.1 , IUBMB-ExplorEnz:EC:1.5.3.1 , UniProt:RELATED-TO:P23342 , UniProt:RELATED-TO:P40859 , UniProt:RELATED-TO:P40875

References

Hayashi80: Hayashi S, Nakamura S, Suzuki M (1980). "Corynebacterium sarcosine oxidase: a unique enzyme having c ly-bound and nonc y-bound flavins.” Biochem Biophys Res Commun 96(2);924-30. PMID: 6158947
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YOU CAN ADD THIS TO YOUR NOTEBOOK
“Gene-Reaction Schematic”

» The many-to-many relationships among genes,
enzymes, and reactions can be complex.
Citations: [Suzuki81, Hayashi80]

» An enzyme composed of several subunits might

catalyze more than one reaction, and a given The circle represents a
reaction might be catalyzed by multiple enzymes. g?(')ﬁecli’t'de or protein

» The Gene-Reaction Schematic depicts the

relationships among a set of genes, enzymes, and C3-30%A
reactions.
Cs-soxB],
arcosine + H20 + Oxygen <=> Glycine + Formaldehyde + Hydrogen peroxide Gene
Cs-s0xG
Reaction
Cs-soxD

Corynebacterim sp.

Single copy of 4 Polypeptide subunits -- Heterotetrameric sarcosine oxidases (TSOX)




Remember

« Both KEGG database and Metacyc can
give pathway information as well as
reaction schematics

* |tis good to look at both databases to
get as much information about
pathways and structural processes and
reaction schematics as is necessary to
make it easier for you to understand the
gene under investigation and it's
function.



Remember

» Not all genes will have an EC number.

» Only genes with enzyme function are assigned an EC
number.

> If your gene ends with ‘ase’, it could be an enzyme.

» Remember, enzymes have catalytic function.



SOP ExPASy

» Go to http://www.expasy.ch/enzyme/enzyme-search-
ec.html

» Enter the EC # in appropriate boxes
» Hit Search enzyme
» Results

» Keep Accepted name of enzyme in notebook with EC
B

» Select each active link and read up and keep as
much information in notebook as helps you.




go to ExXPASY ENZYME at
http://www.expasy.ch/enzyme/enzyme-
search-ec.html

| & | @ enzyme.expasy.org/enzyme-search-ec html TC'HQSearth ‘ ﬁ B3 A 2] ‘

@ Getting Started [8) Most Visited [EJ Google [ Facebook [ Facebook & Pubmed 03 Blackboard Leam | SID £ UBLib £} geni-act [T) mgan g WNY-NSF {3 COE sharepoint [} HGNC database of hu... [l GeneCards - Human G... W Twitter  STELAR - STEM Learni..

i:_] ag\‘ E)sﬁéassy?esuc* Portal ENZXME

ENZYME - Search by EC number F|" in 1531

Home | Cont{

Please enter an EC number: .

You may type 1 digit into the first field (the enzyme class), 1 or 2 digits into the second and third fields (subclass and sub-subclass), and up to 3 digits into the fourth field. For example, you may type 1.2.1.26 to get the corresponding
ENZYME entry.

You may also enter a partial EC number in order to get a list of all ENZYME entries whose EC numbers begin with the given pattern. For example, you may just type 1.2... .

IRETERT

Tre—gam—rer—rmyrory -
B ExPASy - ENZYME search b... %
€ @ enzyme.expasy.org/enzyme-search-ec.html e || Q Ssearch wTBa 3+ A

@ Getting Started 18 Most Visited [} Google B Facebook K7 Facebook = Pubmed @ Blackboard Learn { | SID | UBLib [ ! geni-act [T] mgan 3 WNY-NSF [} COE sharepoint [l HGNC database of hu... [} GeneCards - Human G... W Twitter “ STELAR - STEM Learni..

\‘ a[\‘EXPAS‘,’ ENZYME Home |

ENZYME - Search by EC numb

Please enter an EC nuQ

You may type 1 digit into the first field (the enzyme class), 1 or 2 digits into the second and third fields (subclass and sub-subclass), and up to 3 digits into the fourth field. For example, you may type 1.2.1.26 to get the correspdf
ENZYME entry.

You may also enter a partial EC number in order to get a list of all ENZYME entries whose EC numbers begin with the given pattern. For example, you may just type 1.2. .

Search ENZYME l
<

CLICK




Details of the Enzyme

3

»

e

:ag!:‘E%%Sy

ENZYME entry: EC 1.5.3.1

@ Getting Started [2) Most Visited 3] Google 3 Facebook [ Facebook & Pubmed Blackboard Learn £}

SID {7} UBLib {} geni-act [T] mgan B WNY -NSF

ENZYME

{} COE sharepoint - HGNC database of hu... [} GeneCards - Human G... W Twitter =

STELAR - STEM Learni...

Home | Contact

Sarcosine oxidase.

Sarcosine + H(2)O + O(2) <=> glycine + formaldehyde + H(2)O(2)

FAD.

The flavin is both covalently and non-covalently bound in a molar ratio of 1:1

Accepted Name

Reaction catalysed

Cofactor(s)

Comment(s)

Cross-references

BRENDA

EC2PDB

ExplorEnz

PRIAM enzyme-specific profiles

KEGG Ligand Database for Enzyme Nomenclature
|IUBMB Enzyme Nomenclature

IntEnz

MEDLINE

MetaCyc

UniProtKB/Swiss-Prot

View entry in original ENZYME format
View entry in raw text format (no links)

1531

1531

1.5.3.1

1531

153.1

153.1

153.1

Find literature relating to 1.5.3.1
1531

P40873, MSOX_ARTST,
Q827H4, MSOX_STRAW,
Q46337, SOXA_CORST,
P40875, SOXB_CORSH;
Q9AGP2, SOXD_ARTSP;
QIAGP0O, SOXG_ARTSP;
Q29RU9, SOX_BOVIN;
QID826, SOX_MOUSE;

All UniProtKB/Swiss-Prot entries referenced in this entry, with possibility to download in different formats, align etc.
All ENZYME / UniProtKB/Swiss-Prot entries corresponding to 1.5.3.-
All ENZYME / UniProtKB/Swiss-Prot entries corresponding to 1.5.-.-

P40859, MSOX_BACBO,
P40854, MSOX_STRSB;
087386, SOXA_RHIME;
087388, SOXB_RHIME;
Q46336, SOXD_CORST:
Q46338, SOXG_CORSH:
Q18006, SOX_CAEEL;
P79371, SOX_RABIT:

P23342, MSOX_BACSN;
QIAGP1, SOXA_ARTSP;
QYAGP3, SOXB_ARTSP;
Q52671, SOXB_RHOCB:
087387, SOXD_RHIME;
QISJA7, SOX_ARATH;
Q9P0Z9, SOX_HUMAN,;
Q54EW2, Y9130_DICDI;

m




EC Number

http://www.expasy.ch/enzyme/enzyme-search-ec.html

A series of 4 numbers describing enzymatic function:

1: Shows to which of the 6 main categories the
enzyme belongs (oxidoreductase, transferase,
hydrolase, lyase, isomerase, ligase)

2 and 3: Depends on the enzyme class

(for example, in oxidoreductases: 2 describes the
substrate, and 3 describes the acceptor)

4: Gives the specific enzyme activity



Example
Enzyme Commission Number

For example, the tripeptide aminopeptidases have the code "EC
3.4.11.4", whose components indicate the following groups of
enzymes:

1. EC 3 enzymes are hydrolases (enzymes that use water to break
up some other molecule)

2. EC 3.4 are hydrolases that act on peptide bonds

3. EC 3.4.11 are those hydrolases that cleave off the amino-terminal
amino acid from a polypeptide

4. EC 3.4.11.4 are those that cleave off the amino-terminal end from
a tripeptide



Example
Ksed 04340 - soxB

For example, sarcosine oxidase has the code "EC 1.5.3.1", whose
components indicate the following groups of enzymes:

1.

EC 1 enzymes are oxidoreductases (enzymes that transfer

electrons from reductant to the oxidant)
EC 1.5 Acting on CH-NH group of donors

1.5.3 With oxygen as acceptor

1.5.3.1 sarcosine oxidase 0 o
H3C/“\)LOH< o~ Ho N2

/ / : C00037
C00213 3 A

\ \
N4 v Vv

H__H 0=0 O=CH, HO-OH
Ccoooo? C00067 coooz?

Coo0o01

Sarcosine + H20 + Oxygen <=> Glycine + Formaldehyde + Hydrogen peroxide

Substrate Product



QUESTIONS?

Rama Dey-Rao, PhD
Department of Microbiology /Immunology
&
Biotechnical and Clinical Laboratory Sciences
University at Buffalo School of Medicine and Biomedical Sciences
Buffalo, NY
dey@buffalo.edu




