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IMPACT OF GENOMICS ON
HUMAN DISEASES



For Warren Wegele, an
alteration in one of his genes
caused the treatment that he
received for congestive heart
failureto beineffective.

"1've never really gotten ill,
and |'ve always recover ed
from everything instantly,"
said Mr. Wegele, who
eventually had a heart
transplant.
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Using Gene Testing to Customize
a Patient's Medical Treatment



Gin - "wild-type"” Arg - "wild-type"

Glu - absent downregulation Gly - increased downregulation
27 16
| | MHE

Extracellular

Cell TM1 § 3 %TM?
Membrana

Intracellular

164

e

Thr - "wild-type” COOH
lle - decreased coupling

The Ilel64 receptor displays a small decrease in binding affinity for catecholaminesand certain b-AR
antagonists, a substantial decrease in basal and epinephrine-stimulated adenylyl cyclase activities dueto
defective coupling of the receptor to the stimulatory G protein G,, and impair ed agonist-promoted
sequestration.

The llel64 2-Adrenergic Receptor Polymorphism Adver sely Affectsthe Outcome of Congestive Heart
Failure J.Clin. Invest. 1998 102: 1534-1539. Stephen B. Liggett, et al.



Human genetic identity

= Genomic sequence 99.9% identical
= 3,200,000 nucleotides different

= Single base differences in genomes between any two
individuals: ca. 3 million

= Amino acid differences in proteomes between any two
iIndividuals: ca. 100,000



Variation types

= Macro:
= Chromosome numbers
= Segmental duplications, rearrangements, and deletions

= Medium:
= Seguence Repeats
= Transposable Elements

= Short Deletions, Sequence and Tandem Repeats
(including microsatellites)

= Micro:

= Single Nucleotide Polymorphisms (SNPs)
= Single Nucleotide Insertions and Deletions (Indels)



Human Genome and SNPs

Now that the human genome is (mostly) sequenced, attention
turning to the evaluation of variation

Alterations in DNA involving a single base pair are called
single nucleotide polymorphisms, or SNPs

Map of —1.4 million SNPs (Feb 2001)

It is estimated that —60,000 SNPs occur within exons; 85%0
of exons within 5 kb of nearest SNP



Number of SNP’s

= When chromosomes from two random people
are compared, they differ at about one In
1000 DNA sites

= Thus, when two random haploid genomes are
compared , there are about 3 million
differences

= There are probably between 10 and 30
million SNP’s in humans, about one every 100
to 300 bases

= Of these SNP’s, perhaps 4 million are
common SNP’s, with both alleles of each SNP
having a frequency above 20 percent

= “2.4 million SNP’s have been discovered in
the human genome” (National Human
Genome Research Institute, July, 2001)



Single Nucleotide Polymorphism (SNP)

GA

[AGA

GA

FCGCGAT

TAGA

TAGAG

CTCGA]

TAGAG

A SNP is a position in a genome at which two or more different
bases occur in the population, each with a frequency >1%ao.

= The most abundant type of polymorphism



NATURE | VOL 409 | 15 FEBRUARY 2001 | www.nature.com

A map of human genome seguence
variation containing 1.42 million
single nucleotide polymorphisms

We describe a map of 1.42 million single
nucleotide polymorphisms (SNPs) distributed
throughout the human genome, providing an
average density on available sequence of one SNP
every 1.9 kilobases. This high-density SNP map
provides a public resource for defining haplotype
variation across the genome, and should help to
identify biomedically important genes for
diagnosis and therapy.

The International SNP Working Group (Lander et al)



An explosion in publicly available SNPs
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MONOGENEIC DISEASES



= The goal of much genetic research is to
find genes that contribute to disease

= Finding these genes should allow an
understanding of the disease process,
so that methods for preventing and
treating the disease can be developed

= For “single-gene disorders”, current
methods are usually sufficient
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How SNP’s Are Used to Find Genes
Contributing to Disease

= To find the regions with the genes that
contribute to a disease, the frequency of
many SNP alleles are compared in individuals
with and without the disease

= When a particular region has SNP alleles that
are more frequent in individuals with the
disease than iIn individuals without the
disease, those SNP’s and their alleles are
associated with the disease

= The associations between a SNP and a
disease indicate that there may be genes in
that region that contribute to the disease



Types of SNPs
= Genic, coding SNPs
= NON-Synonymous

= Maintaining vs. altering protein
structure/function

= Synonymous
« Maintaining vs. altering splicing
= Genic, non-coding SNPs
= Regulatory SNPs
= Maintaining vs. altering gene expression
= Intronic SNPs

=« Maintaining vs. altering gene
expression/splicing
= Linked SNPs
= usually intergenic



Examples of SNPs that cause disease

Primary hypomagnesemia
patients unable to maintain sufficient levels of Mg?™* in their
serum

Affected gene: Na/K ATPase g subunit (123G->A = Gly->Arg in
transmembrane region) — mutation prevents targeting of the
protein to cell membrane

Mitochondrial SNPs

>50 known disease-causing SNPs in mtDNA
Most often affect tissues with high energy consumption

BRCA1 (breast cancer-associated antigen 1)

Silent mutation in codong exon affects splicing (A. Krainer, CSHL)

Exons contain exonic spplicing enhancers and exonic splicing
silencers — mutations lead to exon skipping and aberrant
inclusion, respectively



Examples of SNPs that cause
altered non-disease phenotypes

Glucose-6-phosphate dehydrogenase and favism

First enzyme in the oxidative branch of pentose phosphate
pathway, which reduces NADP™ to NADPH

Different mutations result in partially or completely inactive
enzyme

People (10%06) with inactive enzyme experience lysis of red blood
cells when consuming fava beans (contains H,O, — NADPH is
needed to detoxify it)

CytP450 mutations and drug responsiveness

Cytochrome P450 — activates many pre-drugs into active
therapeutic compounds

Different people can be divided into typical, poor, and ultra-rapid
metabolizers

two genes in human:

= 2D6 — required by more than 40 pre-drugs to for activation; 12 known
SNPs altering the gene’s activity

= 2C19 — activates mephentyoin (epilepsy); 2-3% Caucasians and 23%bo
Asians are poor metabolizers



Biochemical principles of various genotyping reactions
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Assays for SNP genotyping

Reaction principle

Hybridization with
allele-specific probes

Assay format,
separation step

Solid-phase
microtitre plate

Solid-phase
microparticles

Detection method

Indirect colorimetric

Name (company)

Genetic bit analysis
SNPit, SNPstream,
(Orchid Biosciences)

Oligonuclectide
ligation

Solid-phase
microarrays

Mass spectrometry

Primer cligo base
extension (PROBE),
MassEXTEND (Sequencm)

Multiplex minisequencing,
SNaPshot (Applied
Biosystems)

Fluorescence

Primer extension and 'tag'
microarrays: SNPcode
(Orchid Biosciences),
GeneFlex (Affymetrix)

High-density
dligonuclectide arrays,
GeneChip (Affymetrix)




Example - pyrosequencing

= Four enzymes
= DNA polymerase

= ATP sulfurylase - converts
pyrophosphate to ATP

= Luciferase — “convert ATP to
light”

= Apyrase - degrades excess
nucleotides

= Nucleotides added
sequentially

_|_
JATP

dTTP

dGTP

dCTP -

dATP

DMNA template

__

degrades

degrades

degrades



Example — molecular affinity + mass

spectrometry
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Example — molecular affinity + mass

spectrometry
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Figura & | Simultaneous detection of nuclectide variations in 30 codons of the p53 gene using SPC-SBE. Shown here is a mass spactrum from a head

and neck tumour, which contains a hetercrygous genatype G (4, 684/4. 734 daltons) in coden 157, Each peak rapresents a differant polymarphism, which is
labelled with its nucksctide kentity and absolute mass value, The values in parentheses, which dencte the mass difierence between sach DNA extension product

and its comrasponding primer, ars usad to datarmine the nuclectide identity. mfz, mass par charga ratio.



Genome browsers have SNP tracks
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Home - Genome Browser - Blat - Table Browser - FAQ - Help

L

Simple Nucleotide Polymorphism (SNP)

Simple Nucleotide Polymorphism (SNP) rs4362

Chromosome: 17

Band: 17233

Begin in Chromosome: 62047132
End in Chromosome: 62047132
Genomic Size: 1

View DINA for this feature

Average Heterozyvgosity: 0.489125
Standard Error of Avg. Het.: 0.072933
Validation Status: by -frequency

Allelel: C
Allele2: T
Sequence 1n Assemhly: tegotctgotccaggtactiTgtocagottcatocatooagtt
Alternate Sequence: togototgotocaggtacttlyteagettoateatocagtt
dbSINP link

LocusLink for ACE (J04144: ACE HUMAN)

LocusLink for ACE (BC036375; QENT10)

LocusLink for ACE (M26657: ACET HUMAN)
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CGAP has a gateway to SNP data
and a tool for SNP finding in submitted sequences
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SNP Consortium has a SNP portal..."®//smehlod/

Bl A\PBiotech - AstraZencca - Aventis - Bayer - Bristol-Myers Squib - FHoffman-La Roche - Glaxoe Wellcome

B . = _ 4 . .
EEEI A HE S CoMSORTIUM {70

W [BM - Motorola - Novards - Plizer - Searle - SmithKline Beecham - Wellcome Trust

Home :: Frequency/Genotype :: Linkage Maps :: Protocols
Search :: News :: About :: Help :: Download data :: Feedback

Single Nucleotide Polymorphisms for Biomedical
Research

LLEEETT

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 12 ks

Image courtesy of hitp:/ /www.ensembl.org, slightly modified from the original

Search: | |[search |(advanced | help)

Single nucleotide polymaorphisms (SNPs) are common DMNA sequence variations among
individuals. They promise to significantly advance our ability to understand and treat human
disease. The SNP Consortium (TSC) is a public/private collaboration that has to date discovered
and characterized nearly 1.8 million SNPs (more)
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IDENTIFYING GENES INVOLVED IN DISEASES
The Mitochondrial Connection

Guda C, Fahy E, Subramaniam S. (2004) Bioinformatics, 20:1785-1794
Guda C, Guda P, Fahy E, Subramaniam S. (2004) Nucleic Acids Res, 32: W 372-W 374
Guda P, Guda C, Subramaniam S. 2004



mitochondrion

chloroplast
vacuole
nucleus
smooth ER
rough ER

golgi
cell wall

o cell membrane

rovwn Fat
Titochondrior




MITOPRED: webserver for genome-scale prediction of
mitochondrial proteins

- HTTOPRED - Microsalt Intemet Explorer
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mitochondria proteome

= Genome size: 16,571 bp
= 657 distinct proteins

= 498 (81%0) functionally classified
iInto 15 cellular processes.

= 153 unique enzymatic activities

\
T i Signaling
e 12%

Taylor S. et al, Nature (21), 2003



| dentification of mitochondria-associated pathways

» About 42 KEGG metabolic

pathways ar e associated
with at least one known
mitochondrial proten

e Of these, 8 arefully
mitochondrial that have
been well characterized.

e About 35 pathways span
across multiple sub-cellular
locationsincluding
mitochondria

* The 35 pathways fall
under 6 metabolic cores

Major metabolic cores
1.
2.
3.

Energy metabolism
Nucleotide metabolism

Amino acid
metabolism

Carbohydrate
metabolism

Lipid metabolism

M etabolism of
Vitamins and co-
factors



LYSINE DE ATION

L-lysine

l—

Saccharopine

A

2-aminoadipate 6-semialdehyde

L -aminoadipate-semial dehyde dehydrogenase l -

* Known human diseases

2-aminoadipate transaminase l - 1. Hyperlysinemia

2-aminoadipate

2-oxoadipate 2. Maple syrup urine disease type 2
l 1.2.4.2 3. Glutaric aciduria

4. Trifunctional protein deficiency type 2
S-glutaryl-dihydrolipoamide HHnCt P ey P

5. Hydroxyl-CoA dehydrogenase deficiency
Dihydrolipoictranssuccinylase il 2.3.1.61 *

Glutaryl CoA

Glutaryl-CoA dehydrogenase | 1.3.99.7 *

Cr otonvyl CoA

Enoyl-CoA hydratase il 42.1.17 *

3-hydroxybutyryl CoA TCA cycle
3-hydroxyacy}+CoA dehydrogenase 1.1.1.35

wcetw CoA




THREONINE DEGRADATION

Threonine

1.1.1.103

2-amino-3-butyrate

# Known human diseases

1. Brunner syndrome

2. Sjoegren larsson syndrome

/ Aminoacetone

woroises /| S

2-0xoprop

anal

I
- L

Pyruvate

AN

TCA cycle

e




METHONINE DEGRADATION

M ethionine
v 2.5.1.6
S-adenosyl methionine
4 2.1.1.37
S-adenosyl homocysteine
v 3311
homocysteine
oy Known human diseases
v 4.4.1.8 1. Maple syrup urine disease
cystothionine 2. Propionicacidemia & mDNA
i 4411 depletion syndrome
homoserine 3. Methyl malonoicaciduria
v 4411
A-ketobutyrate
* 1244 * 3-methyl-2-oxobutanoate dehydrogenase
Propionyl CoA
* * Propionyl-CoA carboxylase
D-methyl malonyl CoA
‘ MethylmalonytCoA racemase
TCA cycle S-methyl malonyl CoA
* MethylmalonytCoA mutase

\ ¥
Succinyl CoA /




Corticosterone 18-monooxygenase

Known human diseases
1. Congenital lipoid adrenal
hyperplasia

2. Glucocorticoid remediable
aldosteronism

3. Corticosterone methyloxidase

C-21 STEROID HORMONE METABOLISM

Cholesterol

SIAR

A

<«

Pregnenolone

deficiency

}

1.1.1.145

Steroid 11-beta-monooxygenase

5-pregnene-3,20-dione

A 4

5331

Progesterone

1.14.99.10

A 4

A 4

1.14.99.9

11-deoxycorticoster one

17 a-hydroxypregnenolone

1.14. 15? Cholesterol monooxygenase

.

/* ¢14154

Corticosterone

A

A 4

1.1.1.145

17 a-hydr oxy-5-pregnene-3,20-dione

18-hydroxycorticosterone

A 4

5331

1.14.15.4

v

Aldosterone
-

v

Aldosterone

17 a-hydroxyprogester one

A 4

1.14.99.10

11-deoxycortisol

1.14.15.4

Cortisol

Steroid 11-beta-monooxygenase

/

Cortisol




Motif Oligonucleotides Corresponding to the
Homologs of a Gene Immobilized on a Microarray

(Assuming 4 sequence motifs in this gene)

cDNA sample from
test organism

cDNA
corresponding to
geneisisolated

Well containing
iImmobilized Motif Il



Construction of a Motif Oligonucleotide

A hypothetical illustration

Weight
E.coli 0.17
B.subtilis 1
M.genitalium  0.92
H.pylori 0.22
A fulgidus 0.82
T.maritima 0.91

y - \

Organism Motif 2 Sequences
E.coli AGGTCCAGCGCTAAGT CCGTAGACTGATCGI TAGCT T

B.subtilis TGCCTACEECTAAGT CGGTTCATCCGT CGTTAGCTT
M.genitalium COGTCCAGECTAAGI COGTAGACTGAT CAACCCCTT
H.pylori AGGTCCAGCCTAAGTI CCGTAGAACCTTCGTTAGCTT
A.fulgidus AGGTCCAGGECCGAT CCGTAGACTGAT CGTTAGCTT
T.maritima AGGTCCAGGCTAAGT CCGTATGGTACT CGTTAGGAC

Weighted consensus:  AGGICCAGGECTAAGT CCGTAGACTGATCGT TAGCTT




Experimental Setting

Using the Electronic
Semiconductor Microchip from
Nanogen™

( )
to detect the expression of a
pathway in an organism

Well containing
immobilized Motif
V of Gene 3

Immobilized motif
oligonucleotides

corresponding to gene 4 and

its homologs



Galactose Metabolism

D-Galactose + ATP Vibrio Cholerae

|

a-D-Galactose-1-phosphate + ADP + H* + UDP-Glucose

|

UDP-Galactose + Glucose 1-phosphate

|

UDP-Glucose

Ramaratnam & Subramaniam. Microb Comp Genomics. 2000;5(3):153-61



And most common diseases are caused by
a combination of genes and environment

Stroke — [ B — Manic-depression

Breast cancer \\Wl — Myocardial Infarction

—— Hypertension
Diabetes P

Dbﬁ:SitF e -.;,Il:' .:: II. . y EH}’pﬁﬂlpldemla

Inflammatory Bowel Disease .' i Schizophrenia




PATHWAYS AND PHENOTYPES

= CELLULAR NETWORKS AND THE DISEASE
CONNECTION



SCIENTIFIGs -
AMERICAN

STIMULAT ORY IMHIBIT ORY
PATHWAYS Morrmal cell PATHWAYS

‘Growth factor _ Inhibitor
{"go" signal) ., (" Stop” signal)

<
A

EXANPLE OF
STIMULAT ORY e e o T e
ABMORMALITY ABMORMALITY



DISEASE MODELS

The Systems Biology Perspective

Albert Hsiao, Jerrold Olefsky, Shankar Subramaniam



DIABETES MELLIT
1. 6-7% OF US POPULATION = 16 MILLION PEOPLE
2. 800,000 NEW CASES/YEAR
3. LEADING CAUSE OF ADULT BLINDNESS
4. LEADING CAUSE OF ADULT RENAL FAILURE
d. LEADING CAUSE OF AMPUTATIONS

6. 2-4X INCREASE CVD INCIDENCE



Obesity / ' M edications
Inactivity \ Rare
Genetics mmp

Insulin Resistance

Type 2 N
Diabetes / \ PCOS

Hypertension Dydlipidemia Atherosclerosis




Novel Variance-Modeling
Approach for Gene Expression Analysis

= ldentify the gene expression responses that provide the
iInsulin-sensitizing effect

= Fat, liver, skeletal muscle expression analysis
= [ZD treatment
= Insulin treatment

= Normal and diseased tissue

Hsiao, Worrell, Olefsky & Subramaniam, Bioinformatics 2004



PPRE and Direct Targets of PPAR-g

Many known PPRE experimentally
validated

EMSA

Transient transfection with reporter

plasmid

Most known PPRE are mediators of
metabolic state

Fatty acid metabolism
Cholesterol metabolism

Fatty acid, cholesterol transport in
blood

Tahle 1.1 ocations of functional PPREEs from literature.

Gene Descrip tion Species
Acoxl acyl-C oerzyme A oxidage 1, palmitoyl rat
Apocl apolipopr otein C-I1T hanan
Apoe gpolipoproteinE hanan
AgpT auapotin 7 mouse
Cd catalase rat
Cd3f, FAT cd3f anti gers fatty arid translocase mouse
Cesl cathieylesterase 1, cholesteral ester hydrolase hanan
Cotla carnitine palmitoyltransferage 1 g liver ?
Cpt2 carnitinie palmitoyitransfer ase 2 Tnatn &ty
Cyplal cytochrome pas0, family 1, subfamily & polypeptide 1 rat
Dibi, Ackp diazepam-tinding irkititor;, acyl-C od Wnding protein Tnatn at,
mouse, rat
Fabpl, L-FABP  fatty acid binding protein, liver
Fabpd, P2 fatty acid binding proteind, adipocyte mouse
Facl2 fatty acid Coenzyme A ligase, long chain 2; acyl Co& smthetase, long chan  rat
G, Sledad solute carrier family 2, member 2 rat
Hmges2 3-huyrekr o v 3 -t ethil ghutaryl-C cermymie & sythase 2 moase, tat
Lipl low density lipopr cteirerel ated protein 1 (aphs 2-macroglotulin receptor) Tnatn &ty
Lyl lipoprotein ipase T an, rat
hlodl malic erEyme, superhatant rat
Nrlh3, L¥R-a  mmclear receptor subfamily 1, group H, member 3; liver X receptor, alpha mose,
Tnatn &ty
Pkl phosphoenol prrnrrate catbioe vhinase, cvtosolic haman, rat
Ptgs2, COX2 prostaglandin-endoperoxide synthase 2, oyclooxygenase 2 hanan
3lc27al, Fatp solute carrier family 27 (fatty acid transporter), member 1 mouse
Hothsl, CAP sothin and 3H3 domatn cortaining 1 oS
Uepl uncoupling protein 1, mitochondial oS
Uepd uneoapling protein 3 Tnatn &ty




TZD on 3T3-L1 Gene Expression

Rosiglitazone upregulates
transcription of almost every
enzyme involved in fatty acid
oxidation

Increased fatty acid oxidation
may improve lipid profile, as
mechanism of improving
iInsulin-resistance

Results suggest that
transcriptional control is
important for maintaining
cellular metabolic state

Triacylglycerol
|

L
Glycerol
i (Gyk)
Y
Glycerol-3-P
ydrogen pdi)

Triosephosphate lsomerase (TP}
Y
Glyceraldyhyde-3-P

glycolysis

—

Lipoprotein lipase (Lpl)

L
Fatty Acid
&ty A
Y
Acyl CoA
[
— — T __ _j Lamnitine soylvansferase (Crat) |
Carniling palmitoyliran sferase (Cptl, Cpiz)
Y
Acyl CoA
Acy! CoA dehydrog
{AcoxT, Acadl, Acadw)
Al-trans-Enoyl Cod

droxyaeyl Cod dehydrogenase
i ha, Hadhb, Hadhc)

P-Ketoacyl Cold

Acyl CoAl thiolas

Pyruvate q—lT‘—.- Pyruvate————————m  Acetyl CoA

e
(Acaai, Acaa2, Hadha, Hadhb, Hadhe, MGC28978)




DISEASE MODELS
- Infectious Diseases
The Systems Biology Perspective

Christopher Benner, Christopher Glass and
Shankar Subramaniam



The E. coli or Salmonella Cell Envelope

%T’H

|q—Hptse

-+— (lucose
-I—GIctse
<+— Heptos
PPEtn
«— Kdo ore
_ @ f‘_' Peptidoglyca
Periplasm
porsra s A
janer membra %@OO%H O 1+ [Phosaholipidt

Cytoplasm
Courtesy: Chris Raetz



The Lipid A (Endotoxin) Receptor: TLR-4

émsscneﬂcma coli TLR-4

Macrophage or endothelial
cell membrane

NF-xB translocation i
into nucleus . (Proteolysis)

v

; Direct Activation 2

Dissociated _/"’

LPS TLR-4 Y b
. LBP-mediated LPS: o IKK=aBr | Nucleus
..... _transfer to CD14 : /" MAPSK
- ./ TRAF-6
Serum LPS—blndmg LBP-LPS ‘1

rotein (LBP)
; TLR-4

Inductlon of inflammatory anoE
immune response genes

CD14

Cytokines (IL-1b, TNFa),:

. : Tissue factor, B7, etc. i
Courtesy: Chris Raetz



Macrophage Cell Types

=  RAW — Macrophage cell line

= TM - Thioglycolate elicited
macrophages

= BM — Bone Marrow derived
macrophages

= ES — Embryonic Stem Cells (not
macrophage)




Transcriptome and Network Analysis

Christopher Benner, Christopher Glass and Shankar
Subramaniam

Data from LIPIDMAPS and AfCS Laboratories



JNK

Response to LPS

RAW-NOTX
RAVW-NOTX
RAW-NOTX
RAW-NOTX
RAW-LPS
RAW-LPS
RAW-LPS
RAW-LPS
TM-NOTX
TM-NOTX
TM-NOTX
TM-NOTX
TM-NOTX
TM-LPS
TM-LPS
TM-LFPS
TM-LPS
TM-LPS

afa
0o
2z
=22
om

yd88 Dependen

BM-LPS
BM-LPS

<
=
2
(@)
Q
()]

-""'-'--.-!--__—__ y L
™
Overlap of
Genes Induced
by LPS

BM

Myd88 I ndependent Targets

NF-kappaB Family

ES-NOTX
ES-NOTX

Tyki

Log, Fold Change

Marne Bhd
b
Ptgs2
Grol
Ma

Tnf
Serpinel
o
MzZh

15

Csf2
Scyad

RAW Th

Seyh10
[rf1
Scyah
lcosl
Clecsd
Traf1
[fit1
Csfl
hlp
g1
Tir2

Ifit3

Rela
Relh
Fel
Mfkh1
Mfkh2
Mfkbia




Lipid Genes

Lipid Genes RAW ™ BM
Induced in LPS 15 16
reduced in LPS 13 33
Absent 128 124
Total lipid genes 512

GO enrichment for Absent Genes

Absent All

PValue Group

0.0027899093419244  hormone metabolism (GC:0042445) Genes
0.00283791572678031 hormone bicsynthesis (GC:0042446) Genes
0.00283791579675031 C21-steraid hormene biosynthesis (GO:0006700) Genes
0.00536933309022458 C21-steroid hormene metabolism (GO:0008207) Genes

Absent only raw

PValue Group

0.00560840733250455 cell homeostasis (GO 0018725) CGenes
0.00560240733250455 hemeostasis (GO.0042582) Genes
0.0194113725493934 p53 modification(30) (p53 medification(30}) Genes
0.0194113725493934 p53 upsiream signalip53 modifiers(26) (53 upstream signallp!

Q0267792104577 2 pd3 Signaling Pathway (p53 Signaling Pathway) Genes

15
10
150

RAW — LPS response

Gene
Snk
Pld2
Assl
Gyk
Ugtla6
Hsd3b5
Cyp2al?2
Gla
Mthfd2
Hsd11b2
Ptgs2
Pik3ca
Ggtal
Agpatd
Prkr
Eif2ak3
Acadm
Mlycd
Acad8
Adss
Lpinl
Ptdss2
Ctel
Ptgds2
Slc37a2
Alox5ap
Glul
Acypl

Fold Change (og2)




Log Intensity

SHH Target Genes 5
X B0 i
2 = Lplin,d  Pathway Comparison
10 _Silh OD.Z.—.'OELO
— s 42222 . |
n - SSIISSH Expression of Column is
imp41 ONK YRR LW . higher relative to Row
| —mye
i —Ztggf BM-NOTX . No change in expression
4 Vint7a BM-LPS between Column and Row
—"\nt1 - i .
a Foxm1 Eiw EISST S Expression of Columnis
Cend’ - ;
0 0 TM-NOTX lower relative to Row
TN AN TM-LPS
SEe g BB g g g g B Eels s 5isE
SZiaiiizzziziiizizEEiiig ES-NOTX
m m é é é é r e o= == FF
X 0N x < NxX x X Nx x 0 X X
Fpooi- FnOoipi FpQoiEpi FEpOLiE g
0024080 0025080 0027080 0834080
EEELEE PRy EEEEEE EEEEEE
mmmngﬂ OOKYFFL OOKKFFLW OOY Y- LW
Defense gm—tllggrx Rela SHH / Gli gm-tlgs'rx Non
Response RAW-NOTX Targets Targets RAW-NOTX Canonical
RAW-LPS RAW-LPS wnt
TM-NOTX TM-NOTX Targets
TM-LPS TV-LPS
ES-NOTX ES-NOTX
IRF3 BM-NOTX Myd88 Positive EM-EFC,’STX Lytic
Dependent Eﬂ\')\;ﬁfom Dependent | | Regulation of RAW-NOTX Vacuole
Genes RAW-LPS Genes Phagocytosis RAW-LPS
TM-NOTX TM-NOTX
TM-LPS TM-LPS
ES-NOTX ES-NOTX
DNA BM-NOTX E2F1 Immune Céell EM-EF?STX Cedll Cycle
BM-LPS : 2
Meta- ST Targets Chemotaxis RAW-NOTX Arrest
bolism RAW-LPS RAW-LPS
TM-NOTX TM-NOTX
TM-LPS TM-LPS
ES-NOTX ES-NOTX




Analysis of Signaling Pathways
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1h

Zpression Time Response in the Signaling

4h

8h

16h

48h

network



NEW TECHNOLOGIES



CELLULAR RESPONSE TO STIMULUS
Input “ — —* Response

eproteins Gene Expression
*peptides
eamino acids

nucleotides State: genes, proteins, metabolites, ions......

eretinoids

ThePartsList Problem!






For the future...

Mouse Promoter Microarray

Monitor Protein-DNA interations

Perform ChIP on Chip against
40,000 probes

X-link
Human cells

Sonication \A/\
N\

IP o-E2F M \
S RN
LM-PCR i

| . BTN [
L.AdDCIINE ¢

Cy5 label /8 Cy3 label

IK 5] Vi)
-1 DNA \-‘\ / Hybl'idize to

microarray




Modern Mass Spectrometry

lon source Mass analyser Detector
Liquid Mozzle Sampling cone
chromatography J
'-':* :-':'. i IONIR Electrospray ionization
Spmy ESH)
needle
Pulsed laser
a 7
m
Reflector E : I: ""I
time-of-flight (TO "
9 (T F] TOF | LITTIT]
Sample plata

Reflector

'|r’1ma-nf-flight E = !E‘\"“‘[m"/

14
time-of-flight (TOF-TOF) Tor | \ ToF, 1y
Collision cell
Q \ 9z Q,
< T "
Triple quadrupole | ) e — | — —
ar inear ion trap | ) o o — Y

Pulsed laser
Sample i lons
plate W Matrix-assisted laser
: desarptionfionization
Extraction grid (MALDI}
Q. Gy TOF
d |
Quadrupola | L ' T
time-of-flight 1Y o o | |, =
Reflectar E E
e
len trap
f
Fourier transform
ion cyclotron

resonance mass
spectromater (FT-MS)




Quantum Dots probe cell systems

Neither the catalog of the 30,000 or so
genes of the human genome, nor that
of the proteinsthat these genes encode,
will be sufficient to gain a workable
under standing of cell biology. Thetrue
complexity in intracellular signaling
will only be fully grasped through
direct observation of the interactions
between key biomolecules " Which
proteinsinteract with which, and at
what timein the cycle? We need
intracellular imaging tools, both high-
resolution and high sensitivity, to
measurethis.

A confocal image of fibroblasts using
green quantum dots staining tubulin.
Nuclel are stained red with ethidium
bromide.



Immunofluorescent labeling of cancer marker Her2 and other cellular targets with semiconductor quantum dots
Xingyong Wu et al.
Nature Biotechnology 21, 41 - 46 (2003)

Figure 1: Detection of cancer marker Her2 with QD-IgG.

(A, C) Fixed breast cancer SK-BR-3 cells were incubated with monoclonal
anti-Her2 antibody and goat anti-mouse IgG conjugated to QDs. Her2 was
clearly labeled with (A) QD 535-IgG and (C) QD 630-IgG (B, D). When cells
were incubated with normal mouse IgG and QD-1gG, there were no
detectable or very weak nonspecific signals on the cell surface. The nuclei
were counterstained with Hoechst 33342 (blue). Filter sets ex 480 20
nm/em 535 10nmand ex 560 27.5nm/em 635 10 nm were used for
QD 535 and QD 630, respectively. Scale bar, 10 m.



Box 1.

Pappin,
Subramaniam,
Hunter &

Palsson (2005)

receptors

nucleus

How many ligand
molecules might a typical
cell be exposed to at a
given instant in time?

What is the maximum
number of receptors in a
cell membrane (see B
below)?

How many transcription
factors are needed to
control 30,000 genes?

Axon terminal surface of a neuron.
is an acetylcholine receptor. From
Biochemistry.

Each protein
Stryer (1995)




Polymorphic drug-metabolizing enzymes

a) Oxidize CYP1A1/2 b) Acetylate
CYP1B1 NAT2
CYPZAG MATT

epoxide
hydrolase

others CYP2C8

DPD

esterases

others

ALDH

COMT
TPMT

CYP2ZET

FIGURE 3.9 = Polymorphic drug metabolizing enzymes. a) Some enzymes oxidize
drugs and make them more reactive. b) Other enzymes add acetyl groups onto the most
reactive portion of drugs and typically inactivate them. The percentage of oxidization and
acetylation of drugs that each enzyme contributes is estimated by the relative size of each
section of the corresponding chart.
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A snippet of AfCS Experimental Flow
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Ligand***/Reagents/
Environmenta conditions

Mouse AfCS Data F|0\A& QC
TREATMENT*** f Sample-based Assays **:
Spleen (Time! [Ligand]) y 2D, M.S. & Westerns,
/Heart Extracted sample assay: / Microarray, etc.
RNA
\ Protein: 2D/M.S./Western
Cell Preps:++ > Lipid
QC* 4/& Cell lines cAMP QC*
_ Direct cell assay data***:
Transfection
Cat++
Protocol/Reagents _
Microscopy > | Experimental
Plasmids Universal assay FACS Data files
Normalization /
L egend References ***
QC* Stat server/
Purit%/, viabi I;,Ityéb'l' v | DaaAndyss
: ty, :
(S:Bc/)?]:‘:l drgr?g/e ;tcl.. Alxslszys Reference COI‘]tI’(?|S f-OI’ QC* File management: ~ i
aeal TBD response normalization SRB \O le Deteh
Protocols *** HPSS e >
Required to track sample
processing.

AfCS Data Portal




Inputs Cell Prep ID and yields unique treatment
and sample IDs. Thisapplication also requires a
protocol that Is tied to the assay for which the
sample is created, e.g. Western, Microarray etc.
It captures the treatment details including
Incubation conditions, cell density, ligand and its
concentration and time of exposure.

This GUI also functions as a query tool. By
entering an ID into the ‘Experiment |ID’ and
clicking on ‘barcod€, it reloads the data
previously submitted for that ID. MES

2002



=10l

OK - loaded 'BWCD20325G" after 0.181 sec

rExperiment ldentity

| Date ||2DD2—03—25 | Purpose Ligand Screen ¥

Protocol |F'F":|E|E|E|E|D'IDDD Platform Western Blot ~
okay

| Technician || c ~ || angeta Alexander [61] | Prep BCD |EICCE|20325KDD |
Experiment @ | ExperimentD | |EWCD203250 |
—Culturiug

Matrix |nune - |

Plating Density|16.70 =10**6

Temp f 37°C |+

Medium | SIMDM - |

02 H 5[ |5
rTreatments

Samples Agent #1
Id | Preincu | Agent [ cone, [ Units [ Start [ End [ Dura.

1 00000 |SIMDM solution 0.n gl 1:00.00 1:00.00 0:00.00

2 0:00.00  |SIMDM solution 0.0 maimi 1:00.00 1:00.00 0:00.00

3 00000 |SIMDM solution 0.n gl 1:00.00 1:00.00 0:00.00

4 0:00.00  |SIMDW salution 0.0 rmaimi 1:.00.00 1:02.30 0:02.30

5 0:00.00  |antigenianti-1g 0.3 i 1:00.00 1:02.30 0:02.30

4 00000 IL-4 0.34 nifd 1:.00.00 1:02.30 0:02.30

7 00000 |Cch4oLrch154 BA.0 rif 1:00.00 1:02.30 0:02.20

8 0:00.00  |SIMDM solution 0.n mgfml 1:00.00 1:05.00 0:05.00

9 00000  antigenianti-lg 0.3 uhd 1:00.00 1:05.00 0:05.00

10 ooooo L4 0.34 rifd 1:00.00 1:05.00 0:05.00

11 00000  (Cch40LCD154 G4a.0 nifd 1:00.00 1:05.00 0:05.00

12 00000 |SIMDM solution 0.n gl 1:00.00 1:15.00 0:15.00

13 0:00.00  antigenianti-lg 0.z i 1.00.00 1:15.00 0:15.00

14 ooooo L4 0.34 rif 1:00.00 1:15.00 0:15.00

14 0:00.00  Cco40LcDla4 4.0 nifd 1:.00.00 1:15.00 0:15.00

16 00000  |SIMDM solution 0.n rmgfiml 1:00.00 1:30.00 0:30.00

17 0:00.00  |antigenianti-lg 0.3 uhd 1.00.00 1:30.00 0:30.00 N
18 00000 IL-4 0.34 nihd 1:00.00 1:30.00 0:30.00 -

amples reatments
| add || copy & paste ”jtimes delete W delete
| submit | | saue | | print samples | | print experiment | | print form |

HIES

2002



CELLPREP

CELLPREPID

USERID

LAB

TECH

PREPDATE
PROTOCOLID
PREPNUMBER
MOUSEID1
MOUSE1AGE
MICE1USED
TOTALMICEUSED
STARTTIME
STOPTIME

DURATION
DURATIONINMINUTES
RBC_LYSISBUFVOL
RBC_LYSISBUFREFID
PRESORT_VOL
PRESORT_GRIDSCOUNTED
PRESORT_GRIDAREAFACTOR
PRESORT_CELLSCOUNTED

VARCHAR2(12) <pk>
NUMBER <tk>
VARCHAR2(1)
VARCHAR2(80)
DATE
VARCHAR2(12)
VARCHAR2(3)
VARCHAR2(20)
NUMBER
NUMBER
NUMBER

DATE

DATE
VARCHAR2(15)
NUMBER
FLOAT
VARCHAR2(20)
FLOAT
NUMBER
NUMBER
NUMBER

REAGENT

USERID NUMBER <fk3>
CONCENTRATIONUNIT VARCHAR2(20)
CONCENTRATION NUMBER
REAGENTNAME VARCHAR2(100)
REAGENTID VARCHAR2(12) <pk>
LOTNO VARCHAR2(30)
COMMENTS VARCHAR2(200)
STDCONCENTRATION VARCHAR2(10)
SUBMISSIONDATE DATE

CHEMICALID VARCHAR2(12) <fk2>
PRICE NUMBER
PRICE_UNIT VARCHAR2(10)
STORAGECONDITION VARCHAR2(50)
PROTOCOLID VARCHAR2(12) <fk1>

GENERICSAMPLE

TREATMENTEXP SAMPLEID VARCHAR2(13) <pk>
PROTOCOLID VARCHAR2(12)  <fk2> USERID NUMBER <fk1>
TREATMENTEXPID VARCHAR2(12)  <pk> TREATMENTID NUMBER
CELLPREPID VARCHAR2(12)  <fk3> PREINCUBATIONTIME NUMBER
DESIGNER NUMBER <fk1> TREATMENTEXPID  VARCHAR2(12) <fk2>
SUBMISSIONDATE  DATE
LAB VARCHAR2(10) TYPE NUMBER
cop VARCHAR2(10) STEPNUM NUMBER
TEMPERATURE  NUMBER STATUS VARCHAR2(1)
MEDIUM VARCHAR2(100)

CULTURE VARCHAR2(100)

COMMENTS VARCHAR2(1000)

USERDATE DATE

DISH VARCHAR2(12)

MATRIX VARCHAR2(24)

PLATING_DENSITY NUMBER

TARGET NUMBER(3)

PURPOSE VARCHAR2(50)

TREATMENT

STEPNUM NUMBER <pk>
DETAILID NUMBER <fk>
DETAILTYPE ~ VARCHAR2(30)
TREATMENTID NUMBER <pks

TREATMENTDETAIL
DETAILID NUMBER <pk>
TIMESTOP NUMBER
TIMESTART NUMBER
INCUBATIONTIME VARCHAR2(50)

CONCENTRATION NUMBER
CONCENTRATIONUNIT VARCHAR2(50)
EXPOTIME NUMBER
REAGENTID VARCHAR2(20)
CONDITION VARCHAR2(100)
OTHERTREATMENT  VARCHAR2(30)

HIES

2002



24 Barcode 0.76.17 {using BARCODE) - O] x|

‘ Reagent | ‘ Ligand | ‘ Solution | ‘ Antibody |
‘ Treatment ‘ ‘ RnaSample ‘ ‘ Microfrray ‘ ‘ Protocol ‘
‘ Lahel Maker ‘ ‘ reconfigure ‘ ‘ Teedhack ‘ ‘ Ahout ‘

HIES

2002



» Barcode

\

» Barcode

Printed protocol
with barcode

» Barcode




E"g,%Prutucnl -0 x|

Type procedural

Hame |TranscriptPrnﬂIing by Microarray Analysis--Agilent |

find

Abbreviation | |

Protocol Id ‘F’F’DDDDDDWDDl || print |

Version 00 ({(accepted) =

| Author HC"HJamesw Davis[0] v |

Procedure

[Rpuin g e gy ey g

0000018955 00000 n
0000012716 00000 n
0000011103 00000 n
0000012692 00000 n
0000013536 00000 n
0000012862 00000 n
0000013513 00000 n
0000019977 00000 n
0000020070 00000 n
trailer

==

ISize 33

IRoot30R

Info1 0R

ND [=7640e3115e4h6dal6e47h31236378df3==T640e3115e4bbda16edTh31a3
T8df3=]

==

starboref

20243

% %EOF

l

| publish H upload || misc... H file... ‘

protocol "PPO000001900° successfully loaded.

HIES

2002



LIMSis based on aclient server paradigm comprising of a

e Database server and
e Client (Application)

Applications are devel oped using java technol ogy,

therefore making it easily portable into multiple software
platforms.

Data s stored in Oracle 9.2 database — a rel ative database
M anagement system.



AfCS Laboratory Information Management System (LIMS)

Sample trackin




Barcode Database Schema
Data from the aforementioned applications are stored in database tables

designed according to data entities.

The basic flow of the schemaisasfollows:

Harvested or passaged cells are treated under various conditions then the cells
are either assayed directly or extracted components such as RNA, protein
and cCAMP are prepared for the experiments (i.e. Calcium, CAMP Elisa,
Western blot, Microarray etc).

The database schema can be divided into these five sections:

1) Reagent/Ligand/Solution Tables

2)  Treatment Tables

3) Microarray Tables

4)  Page/Western blot Tables

5)  Protocol Tables

6) Transduction/Microscopy Tables



Installation Requirements:

Software:500 MB RAM
Hardware: PC/Linux/Solaris box

Accessory software: Java Runtime Environment(1.2 and
later) with java webstart

A barcode printer & a barcode scanner



A barcode printer & a barcode scanner

Zebra:
Zebra Z4AM barcode printer - 300DPI - 4MB Total - 2MB Usable
Zebranet Print Server |1, External, Parallé€l

Symbol:
Cyclone Scanner USB & Synapse Adapter



Molecule Pages — Automated Data

“Automated Data” for each protein is provided to both the
public and the authors, and can be referenced by the author

when entering their own data
The types of automated data available will:

= Summaries of and links to external database records that
correspond to, or are related to, the author’s protein

= (e.g., Genbank, SwissProt and PDB records)



What Is needed?

= An Ontology

= A Data Structure

= A Database

= Query Interfaces

= Applications Interfaces
= Data Content






_____ . aL_Jt_o_n;ated data sec_ti_o_n_s1:
I | l L e
I
Locuslink i Domain_Motif | | Blast_Ortholog Genbank_Swissprot
|
I |
’ I
I NV ‘ I
— | : ! _ )
! L L - -
! Sequence
| Transition = Functon | ¢+ 1 ____ ;
[ L
| r {’_
| Vi I i
N o : ! Concentration
I ! L _
- L_____}, P A— /J
O I ecu I State =, Molecule Definiton ; | —— }
| N A .
P N | i Org_Mutation
age | \
[ [ A |
ectio | o |
i e — ———— [
| _ )
( .ICitation_Sectior™~
L - = |
I A
Assay N Seq_Mutation
|
— V__V_ V¥ L
L MOL_PAGE_ENTRY
MP_ENTRY ID = .
Review VERSION Antibody
__INOTE
—"1 CREATED_ON
\H UPDATED_ON =
———— AUTHOR_ACK ————n
I STATUS_CHANGE_DATE !_ _________
AUTHOR_START_DATE -
. . .| DATE_PUBLISHED - ..
Registration =1 ASSIGNED_PROT_NAME Mini Mol Pages
PROT_CATEGORY
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Adenylyl cyclase type 2

Abstract for AFCS protein 4000111
Version 1.0, in 'MPG Editing' since 10 Dec 2003

Protein Function

All mermbrane-bound mamrmmalian adenylyl cyclases catalyze the conversion of MgATP to cyclic AMP and pyrophosphate. ACII is the prototype
member of the subfamily of adenylyl cyclases that are conditionally activated by G protein betafgamma subunits.

1312728 Federman &0, Conklin BR, Schrader Ka, Hormonal stimmulation of adenylyl cyclase through Gi- Mature, 12 Mar
Reed RR, Bourne HR protein beta gamma subunits., 356, 6365 1992
] ] Malecular cloning and characterization of a Proc Matl Acad
1719547 .T.:Igstﬁ;; PKGrlilpSiﬁl;L?gegﬁfnjaia:g‘f;:dgﬁp\ Caz+/calmodulin-insensitive adenylyl cyclase from rat Scil s aA, 1:?;;?_\"'
! ! ! brain. g8, 22
] Type-specific regulation of adenylyl cyclase by G protein Science, 6 Dec
Lozl | Tewg 1l Elllive W2 beta garnrna subunits. 254, 5037 1991
. . Regulation of purified type I and type II adenylylcyclases 1 Biol Chem, 5 lan
AR | Uauesie 14, usitulby Liv, @il by S protein beta gamma subunits., 268, 1 1993

Regulation of Activity

BCII is stimulated by Gs alpha and forskalin, In the presence of Gs alpha-stimulation, G protein beta/garmma subunits (released from Gi
heterotrirmers) further stimulate the activity of the enzyme. Gs alpha has been shown to be constitutively palmitoylated at position 2, and
reversibly palmitoylated at position 3; there is no reported difference between the singly vs. doubly palmitoylated Gs alpha with respect to the
activation of acenylyl cyclases,

Proc Matl Acad Sci U

9177179 Kleuss C, Gilman Gsalpha contains an unidentified covalent modification that increases its affinity 5 A 10 Jun
AG for adenvlyl cyclase, 8 1997

94,12
e [ UELES €, Lieue Galphais) is palmitoylated at the M-terminal glycine, EMBO J, 17 Feb
E 22,4 2003

Interactions with Ligands and Other Proteins

AT TT ic ctirmulatad by 2 alnha and farcl-alin Th tha fnracanca af Te alnhaocticnulatinon 2 Aratain hatafaarmmss cohnnite fralaacad feam i
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55 I@ http: /e, signaling-gakeway . orgfmolecule jquery?state _id=4909&kype=statefafcsid=A00011 1 &mpw=prepublisheddpy_id=1677420p=

JLECULEPAGES introduction browse protein list search molecule pages author application signaling maps

elcome Shankar Subramaniam Observer Log Dut

Adenylyl cyclase type 2

Current state for AFCS protein 4000111

GEEieT Yersion 1.0, in 'NPG Editing’ since 10 Dec 2003

thor Entered Data

Started 10 Dec

State summary

stract State name (Gnas ZPA L32) (Adcy2 G) (G protein beta*) (G protein gamma* GG ME PR)

twork Map State synonym ACZ/GsZPa+bg
tes

insitions
nctions

omated Data Cellular compartment plasma rermbrane

est from 25 Mow 2003

tabase Links State constituents

mains & Motifs

e e Protein name adenvlyl cyclase type 2
ne Info Covalent modifications Glycosylation@unknown
hologs & Paralogs g4l molecules bound Mone
st Data

Protein name 5 protein alpha s

Palmitoylation@z

Covalent modifications Palmitoylation@3

Small molecules bound TP {guanosine triphosphate)@G_alphai20-393)
Protein name 5 protein beta

Covalent modifications Mone

Small molecules bound Mone

Protein name 5 protein garmma

Geranylgeranylation@unknown
Covalent modifications Methylation@unknown
Protenlvsis@mnnknnwn

= protein alpha s [Palmitoylation@2, Palmitoylation@3, GTP {guanosine triphosphate)@G_alpha{20-
Computed name 3931]: Adenvlyl cyclase type 2 [Glycosylation@unknown]: G protein beta: G protein gamma
[Geranvlgeranylation@unlknown, Methylation@unknown, Protealysis@unknown]
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introduction browse protein list search molecule pages author application signaling maps

Observer Log Dut

Adenylyl cyclase type 2

State Transitions for AFCS protein A000111
Version 1.0, in 'MPG Editing' since 10 Dec 2003

Transitions for Adenylyl cyclase type 2

(Gnas PA LEZ) (Adoy2 G) --= (Adoy2 G)

(Gnas PA LEZ) {Adcy2 G) --= {(Gnas PA LE2) (Adcy2 G) (G protein beta®) (G protein gamma® GG ME PR)
{Gnas PA LE2) (Adoy? G --> (Gnas PA L2 (Adey? G LT60I[E]

(Adoy2 G) --= (Gnas PA LE2) (Adoy2 G)

(AdoyZ G) --= (Gnas 2PA LE2) (AdcyZ G)

(Bdoy? G --= (Adocy? G 2P)

(Adoyz G --= (Adoy? G LFA0I[2]

(Gnas ZPA LE2) (Adoy2 G) --= (AdcyZ G

(Gnas ZPA L82) (4doy? Gl --= (Gnas 2PA6 LE82) (AdoyZ G) (G protein beta*) (G protein gamma®* G5 ME PR)
(Gnas ZPA LB2) (Adcy2 G) --= (Gnas 2PA L32) (Adoy2 G L7E00[Z]

fadoys G 2P) --= (Adoy2 G)

fAdoy2 G 2P) --= (Gnas PA L82) (AdoyZ G 2F)

(Adoyz G 2P) --= (Gnas 2PA LE2) (AdoyZ G 2P)

{AdcyZ G 2P) --> (Adoy2 G 2P L7600

(Gnas PA LEBZ) (Adcy2 G 2P) --= (Adcy2 G 2ZF)

(Gnas PA LEZ) {Adcy2 G) (G protein beta*) (G protein gamma® GG ME PR) --= {(Gnas PA LE2) (Adoyz2 3)
(Gnas ZPA L82) (AdcyZ G) (G protein beta*) (G protein garmma®* GG ME PR) --= (Gnas ZPA LEZ) (AdoyZ G)
radoy2 G L7800[Z2] --= (Adcy2 G)

{adoy? G L7FE0I[2] --= (Gnas PA LE2) (Adoy? G LFE0I[Z]

K e
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tein 4000111 Adenylyl cyclase type 2
n State Transition for AFCS protein A000111
B Yersion 1.0, in 'NPG Editing’ since 10 Dec 2003

thor Entered Data

Started 10 Dec

: Detailed information for this transition
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|Prutein name |.ﬁ.denyl1,rl cyclase type 2
— |Covalent modifications |Glycosylation@unknown
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7 |Protein name |G protein alpha s
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Adenylyl cyclase type 2

Transition Data for AFCS protein A000111
Version 1.0, in 'MPG Editing' since 10 Dec 2003

Reaction catalyzed States that catalyze this reaction

radoy2 G

(Gnas PA& LE2) (AdcyZ G)
(Gnas 2PA L82) (Adoyz G
radoyz G 2P)

(Gnas PA LE2) (AdocyZ G 2P)
(Gnas P& LE2) (Adoy? G) (G protein beta®) (G protein garmma® G5 ME

ATP (adenosine triphosphate) -= cAMP (cyclic AMP) + FR)
pyrophosphate (Gnas 2PA LG2) (Adoyz G) (G protein beta*) (G protein gamma®* GG ME
PR

{Gnas PA LE2) (AdcyZ G L7600[2]
(Gnas 2PA LG2) (Adocyz G 2P
(Gnas 2PA LE2) (Adeoy? G L7600[2]
{AdcyZ G 2P L7600

(adey? G LFG0[2]

Add new functional data

Mo states have been created.

I_ I_ I_ |4 Internet
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GERIE Wersion 1.0, in 'NPG Editing' since 10 Dec 2003

thor Entered Data

Started 10 Dec

stract AC2-PIPKC)/Fsk
twork Map

ites " ¥
insitions

nctions

AC2-P(PKC)

omated Data

est from 25 Mow 2003

tabase Links . » e » "
mains & Motifs

tein Structure Ba:al AG 2 AC2-P(PKC)IG .s2Pa AC2-P(PKC)/GsPa

ne Info
hologs & Paralogs "

AC2GsPa
# f/’*\x #* #

st Data
AC2iGsPatFsk AC2iGsPathg

AC2Fsk

K e



MP - Protein List

3 Browse Molecule Pages - Signaling Gateway - Microsoft Internet Explorer

File Edit View Favorites Tools  Help ﬁ
yaBack v mp v @ ﬁ | aﬁearch @Famrites @Media ®| %" -

Address I@ hikkp: f v, signaling-gateway , org)molecule)list j 'f'l'>'5':'

e e e e
! registration | e-alert | help {contact us ! site guide | SEARCH
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namure
introduction | search molecule pages author application signaling maps
Mext 50 Iﬁﬂrecurds per page ;I Search
1-9 A B C D EF GHTIIJIJEKLMMBMNOGPOGOGQRSTUYW XY 2 b

A000139 14-3-3 beta Cytosolic, misc, Assigned

A000140 14-3-3 epsilon Cytosolic, misc, Assigned
A000141 14-3-3 eta Cytosolic, misc, Assigned
A00014Z 14-3-3 gamma Cytosolic, misc, Assigned
A000041 14-3-3 sigma Cytosolic, misc, Assigned
A000143 14-3-3 tau Cytosolic, misc, Assigned
A00006N 14-3-3 zeta Cytosolic, misc, Assigned
A003d68 1510013P03FRk Cytosolic, misc, Unassigned
A003471 Z610034M16Rk Cytosolic, misc, Unassigned
A003056 3-Pap Adaptor/scaffold Unassigned
A000145 S-Hydroxytryptamine receptor 14 FReceptor, GRCR Unassigned
A000146 S-Hydroxytryptamine receptor 16 FReceptor, GPCR Unassigned
Anmand AT = R S R T AR I o | TPty SRR o T o [ e o A e T ll

&] ||| |4 internet
st | @ @ 5 || D | ] 0. [T gt [ @[ E0] TR e




introduction browse protein list search molecule pages my proteins

signaling maps

List of states for AFCS protein ADODOOZ

‘ G protein alpha s
Yersion 1,0, in “Author Preparabon’ since 3 Jul 2003

T The unmodified, unbound

‘ " i 3 W ] primary translation product
{Gnas L345) intarnal side of plasma membrane : _
: : Lo * i ﬁ States created by the author
(Gnas L34s) intarnal side of plasma membrane e 2 o

' : - otates defined by other
SEate Name g
(Gnas L345) (G pratsin alpha® PA L345)[2] + e ) authors
SL5%0 Mbbne . __ Loeation Class states defined for this
(G provein alpha) - ] wrorsn

Help: What is a class state?

Mouse-over any state to

The link below provides the starting point for creating states of your protain, reveal the state signature.

s Craate a new state



introduction browse protein list search molecule pages my proteins signaling maps

Frotein Al

G protein alpha s

Skate Transtions for AFCS pretein 4000002 - & 4 .
Warsion 1.0, in "Author Preparation’ since 3 Jul 2003 Link to Transition rmain page
Overview
* {Gnas L345) === {Gnas LI46) Transitions & v
d st e T iareet s created by the 2
nas L ==+ {Gnas
author

*ini Molecule Page 7
Database Links Pathway Graphs

Domains & Motifs —— _ ; o ) :
Protein Structure W The resulting image is & netwaork charting all of tha transitions defined for this malacule, and is
anaL bl RS o ot softwara,

Gene Info
Orthologs & Paralogs
Elast Data

Create @ new state transition

* Defing a transition between two existing states of this protein
LR LT R Select starting and ending state
Select the end state =] for s i

s

c) Instructions for Creating Transitions.

Link to display pathway image

Transitions are created in the following order:

e Select the starting and ending states,
e Select the aporopriate process for the transition. These can be one of the following:
o Protein association
o Ligand association
o Addition of covalent modification
o Protein dissociation
o Ligand dissaciation
o Removal of covalent modification
o Change of cellular location
o Intrinsic enzymatic ackivity

a Whorn annlicakhla antar thia fratoin thiat catalezoc thic trancition TF ronilbinla frotaine ram ratalvzo tho camo



Overview

Link to Function main page

Litk to Edit/Feplicate/delete functions

Fanctions for AFCE protes AOD0D0Z
ian 1.0, in “Author Preparation’ since 3 Jul 2003

Slates i - .
P Sthtes Ehat h—So- g Functions that you
pop Setafies R 7 B assign to the
SN ' Transperter different states of
e EEA B ] vour protein
Domains & Fotifs
L —
T T R LTI Gelrct the stabe for which vou wish o add funchional data) Hien click the "&dd functicnal dabs® buttan.
Blast Data ;n:-Gnas FA L345) ;l
3 protein alpha s [GDP@unknownl-intermal side of plasma membrane | Select the state for
fdd funchansf dsta | which youwish to
assign the
function

b} Instructions for Entering State Functions.

State functio

s Select
e Select
pararm

o

o

o

hs are entered in the following order:

a protein state,

the appropriate function to be ascribed to this state. This can be one of the following (the relevant
eters are entered subseqguently and are listed in parentheses):

RFeceptor (Type of ligand - agonist/antagonistfeds., Mame of ligand, Binding dormain, Stoichiometry, Kd)
Enzyme (Substrates, Products, Kd, VYrnawx, etc.)

Channel (Pore selectivity, Conductance, Open and closed times, Activationfinactivation gating,
Blockers, etc.)

Transporter (Substrate, Direction of transport, Km, Energy requirement, etc.)

Transcription Factor (Canonical DMa binding sequence, regulated target genes, etc,), DMA sequences

PR |y YUY RRSERN RURP T SNy Nt [P Su R S RO SRS - S A NI o Sy S, 1 U SRR RSP T o T L T Y 0 S e L RA



o Lleuing Tranhsitions.

You can view information that was entered for each transition from two starting points. First, transitions from
gach of the states can be viewed from the state page by clicking on the relevant WFFFD, Second, from the
Transition page, clicking on Transition MNetwork (located in the Pathway Graphs subsection) will produce a
pathvway view of all of your transitions.

Transition SNetwork Tor G protein alpha s

uas
L4
Y

Fonsf2]
'

(CGana L5431

" '
> |
(G LHG) PGeas PALIAS)
l ;
(Geas L¥o]  mal

sraph by Wb

Move the mowsa over the name of a state to see the complete state name and its location in 3 pop-up tooltip, Chok on a state name to proceed to view the
rforrnation for that seare. Chek on & ransiton, oF the red astensk (* ) mEnt B0 a bransition, T vy tha ir Wormaton for that bransicion

_C_H.Iiﬁ




Reconstructing Networ ks




Signal Transduction in a Cell

Ligand-
binding
domain

Enzymatic
activity in
intracellular

Seien Protein kinase
activity

Intracellular
’ (cytoplasmic)
Sm mediators

Adaptor proteins
Docking proteins
GTP-binding proteins

Protein or lipid kinases
Phosphodiesterases
Metabolic enzymes

from Downward,
Nature, August
Nuclear membrane (2001)

Transcription
factors




Ligand Screen Transcript Analysis

= B cell samples prepared by Cell Lab (Dallas).

= Cultured for different time periods (.5, 1, 2, and 4 hr) in the presence
or absence of ligands before harvesting for total RNA isolation.

= Treated and untreated time-course samples hybridized against a
spleen reference.

= After removing the common spleen denominator, comparison to O time
point data reflects the changes in mMRNA levels due to ligand treatment
and/or time in culture.

= One of the largest mammalian array sets (33 ligands).
= All of the experiments were done in triplicate. Including
In controls =450 arrays (Caltech)
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Differentially expressed genes for ligands vs UNTREATED @ 4hr
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ligand (4hr)

Graph association map (4hr)

The mitogenic response from the ligands AIG,
40L, 104, LPS, CPG dominate at the center of

the plot. This is too dense for a clear view (see
histogram to the left).

IFb, GRH, CGS, PAF, TGF, M3A, 2MA also
showed a significant gene response.



Similarity measur es between genes under different conditions with respect
to expression levelsfor...

... groupsof genes b clustering methods

... pairsof genes b correation methods

S (X — Xme) (Y — Yrmean) _
[S (X — Xme)2S (Y- Ymea)2]?2 ¥

Linear correlation

Partial correation ™ Tzl yz r

Xy.z
L(l' rzxz) (1' r2yz)] &

“marginal” global correation
(for ligand j )

r2 - 12 L
al xy all xy except ligand j



ligand

Two-way hierarchical cluster:

mean ratio (vs control) of phosphoprotein levels and ligand

abundance ratio
(mean) owver control
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MAPK signaling cascades

Stimulus Growth Factors, Irﬂlam?tnﬁsual %Pﬁilm Grn\f‘tthml?ast;lura
Mitogens, GPCR Growth Eaciors Mitogens, GPCR Three main P at hwayS of MAPK and
' b Y N | their respective target genes and
war @il  @onp @EP @A transcription factors.
| { | ’ }
MAPKE { MEK1/2 ) ‘ MEKLE ) ( MEKMLT ) ( MEKS }
! | | ' |
we Qe @D @GP €
! | N/ |
Biological Growth, Inflammation, Growth,
Response Differentiation, Apoplosis, Differentiation,
Development Growth, Development

Ditferentiation

ERK-MAPK p38 JNK-SAPK
ETS.v6 N.MYC1 NFATC1
H3F3A
MEE2C Gadd45a
gRF%Eél CHOP Gadd45b
H-3F3B Max Gadd45g
Socs3 Bcl2l11 Egrl
Bcl2l2 CHOP
CREBS3 Max Diagrams are from ...
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Level plots “Marginal’” correlation of genes in MAPK
pathways
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We see the correlation results of removing ligands CD40L (40L) and interleukin 4 (104) separately from
the pool of 33 ligands. The colors red and green refer to decreases/increases in the subsequent
correlation similarity matrix respectively. The absolute differential effects are almost uniform across
CD40L (with a slightly smaller marginal difference from the ERK related genes h3f3b, ets-v6,c-fos), in
contrast to interleukin 4 which shows darker shades, with the color black showing no differences, except
for a few p38 (choBN,KLﬁp) and JNK-SAPK (gadd45q) related genes.
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B cells do not show any response to NGF but respond to LPS. Note: LPS has more
response genes in p38 & JNK-SAPK than ERK.
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Marginal Correlations Connection Maps for MAPK Pathways
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This shows the marginal changes[eg edge threshold D=0.1] in the additional ligand
significant pairwise correlation [95% confidence interval for the Negative pairwise correlation
Fisher transformed distribution] between genes after the additionof | =~ was less positive by the
the four timepoints of a particular ligand [40L] to the low, additional ligand

intermediate-response ligands (n =112, 28 ligands).



Marginal Correlations Connection Maps for MAPK Pathways

This shows the marginal changes[eg edge threshold D=0.1] in the
significant pairwise correlation [95% confidence interval for the
Fisher transformed distribution] between genes after the addition of
the four timepoints of a particular ligand [AlIG] to the low,
intermediate-response ligands (n =112, 28 ligands).
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Marginal Correlations Connection Maps for MAPK Pathways

This shows the marginal changes[eg edge threshold D=0.1] in the
significant pairwise correlation [95% confidence interval for the
Fisher transformed distribution] between genes after the addition of
the four timepoints of a particular ligand [LPS] to the low,
intermediate-response ligands (n =112, 28 ligands).
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Kohn’s Mammalian Cell Cycle Map  * = . _
(with AfCS genes) | et b
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Connection matrix Slgnallng pathways of prlmary B cell (mouse)
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