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Multiplex: Next Wave of
Experimental Methodologies

Stress Response & Adaptation:
A New Molecular Toolkit
for the 215t Century

Kenneth B. Storey, Carleton University, Ottawa, Canada
www.carleton.ca/~kbstorey

What are we interested in?
Biochemical Adaptations

« Search to identify principles of biochemical
regulation across the animal kingdom

« Biochemical Unity: Principles of Biochemical

Adaptation
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Experimental Approach

Comparative )
Unique Animal Experiments Underlying

Stress Model Molecular

Diverse .
Techniques Mechanisms

e Experiments: Adaptations to environmental stress
e Over 100 Technical Bulletins

e Techniques: Enzyme assay, protein purification,
protein ID + quantification, Western blotting, transcription
factor profiles, DSF, PCR, cDNA array, microRNA
analysis, etc.

In 2006...

* Ready availability of single-plex technology: cDNA
array, Western blotting, gPCR

Genomic and Proteomic Approaches in Comparative
Biochemistry and Physiology*

In 2012...

» Ready availability of multi-plex technology:
Luminex, multiplex-PCR, multiplex-Western blot
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Current Core focus:
Gene Expression

Transcription Translation
GENES RNAs (PSI\IOZTYEI\I/I'\IIEZ)

‘Single-plex’
H H H Experiments
Results

Western blots, PCR,
ELISA, etc.

» Multiple trained students
» Long periods of experiments, data mining
» Animal tissues needed in large amounts

Current Core focus:
Gene Expression

Transcription Translation
GENES RNAs (PSI\IOZTYEI\I/I'\IIEZ)

‘Multi-plex’
Experiments
Results
Luminex,
multi-PCR, etc.
Single trained student
SHORT periods of experiments / data mining
Minimum amounts of tissues required

MONEY needed. BIG MONEY !!
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Multiplex technology Luminex

» Quantitatively measure multiple analytes in

SIS Sy B
—i.e. 3-50 protein targets in 1 well e

* Primarily nucleic acid and protein —based
techniques

* Luminex: Best type of MULTIPLEX
technology
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How does it REALLY work

Incubate with
!j Western Blot = magnetic

bead conjugated
Antigens immobilized on antibodies
membrane
Antibody detects Antigens of . Whole cell lysate in microplate

interest . Bead conjugated antibodies detect y
Visualization of DATA! antigens of interest
. Magnetic retention of antibodies & IESSIEERE
. bound antigens \ - .
. Elution of non-specific proteins Purified antigens
Magnets . Immunoprecipitation of target
Lasers antigens
Shiny N EIES Non-target proteins

- A
Magical appearance of DATA! i & U Tagetantigens
[ J Bead conjugated antibody
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Luminex data output

Antigens attached to bead-conjugated
antibodies are probed with detection
antibody

Microplate content passed through a
flow cytometer detection chamber

Two separate lasers excite fluorescence : :
+ Dots within the white circles
represents a bead - represent relative  ° i
type s -".' . flqorestl:ence rpeasured by
- - ' detection antibody
" [ mRan 08 2
» Relative fluorescence allows comparison of
antigen levels between samples

e A: Identifies bead type based on
microsphere fluorescence

e B: Measures fluorescence
associated with detection antibody

m ' l  Target antigens

_ _ « Also allows comparison of different antigen
[ ) Bead conjugate antibody

levels within single samples
Detection antibody (Relative abundance of protein A vs. B)

Applications Application: Adaptation to
environmental stress

» Covalent attachment of:
Antibodies, Oligonucleotides Metabolic Regulation

8 A Cellular pathways that are
* Capture of protelns, peptldes, responsible for major biological

coding and non-coding RNAs, processes required to sustain basic
miRNA targets and more ! functions.
E.g. glycolysis, transcription,
» Create a snapshot of Global translation, lipid metabolism, etc. Cellular Defense
Cellular Functions Cellular pathways that are
responsible for responding to
— Use this ‘snapshot’ to identify &for repairing cellular
. . damage.
mechanisms of metabolic -
PROTEINS : E.g. antioxidant enzymes,
(ENZYMES) regulatlon heat shock proteins, anti-
R y

. . apoptosis, etc.




Protein Applications

« Commercial kits: Key targets of metabolic
pathways
— Detects total and phosphorylated targets
» Thousands of biomarkers available

Wide range of research interests
e.g. Immunology, MAPK, PDH etc.

Browse Research Focus Area

Luminex: Heat Shock Proteins in
Anoxia & Freezing

_ 2 I Control
Heat shock proteins and hypometabolism: =1 Anoxic 6H
adaptive strategy for proteome preservation W Anoxic 24H
1 Recovery 6H
B Frozen 24H

Littorina littorea,
intertidal periwinkle

HSP27 P-HSP27 HSP60 HSP70/72 HSP90
(Storey, unpublished) Ser78/82

Luminex: Akt-mTOR network in
Insect Cold Hardiness

Milliplex Akt-mTOR 11 plex panel-Epiblema

N 15 degrees
[ 5 degrees.

Epiblema scudderiana,
cold-hardy insect -
Freeze-avoiding

W N & N
R
& & g S

& s
AP )
S R

(Storey, unpublished)

Akt / mTOR study

— Insulin signaling, protein
synthesis regulations

|V| — 11 phospho-protein targets

Single-plex Multiplex
6 tissues to analyze 1 well = 11 protein targets
11 protein targets 1 kit = 96 individual sample
66 Western blots wells
- 6 control + 6 expt < 30 pg protein per well
lanes per gel 1 kit = >1000 data points
— 300 pg protein per gel Time: <24 hours
— 792 data points
— Time: 12-14 weeks
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Oxidative Stress Markers using MRNA applications
Luminex Technology - e | e

MILLIPLEX® Oxidative
Stress Panel
Catalase
PRX2 (PRDX2)

SOD1 QuantiGene Plex
is;)lz Same technology: Immobilized oligonucleotides
Direct measure of mMRNA levels

All analytes measured in Custom-plex can measure 3-80 genes in 1 sample
a single well!

Transcription Factor ELISA miRNA: Multiplex them all

» Procarta® TF Plex Assays: Luminex based

Profile the DNA binding activity of - Size ~22 nucleotides

up to 44 different transcription The emergi:]g roles of_w:i:::l:NAsin_me molecular nghly conserved across species
i i Il R e i )
factors (TFs) in a single we Bind to 3' UTR of mRNAs

Exact repression mechanism(s)
yet to be defined, but seem to

TF Pl &85 plas ansy Mk Exwact o ok 4/

- Help bind mRNA into
stress granules

- Target mRNA for
degradation

- l j I J::‘:.‘E:::":".ﬁf . clude
J “!’“ ‘f"?i-]le?gé-?.-j‘-.‘ilil?ffifl;' 8 % < BB - Block translation of mMRNA

' Panomics) "mw- K u | W u AV, .
A | o  \NVAARA AR RN
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Summary: Multiplex in Multiplex Options:
Functional Genomics Classic Methods

« Single assay, generate large amount Multiplex (not Luminex)

of gene expression data — Efficient, but costly $$!
Multiplex Western Cocktail

— Multiple antibody
— Simultaneous detection of targets

—Maximize use of biological samples
—Minimize experimental time

« Specialized equipment R N

—Expensive start up cost $$ 1§ [ e
—Cost of commercial kits - ‘
(“home-made” kits can be created)

Multiplex Options:
Classic Methods

* Multiplex PCR /gPCR i
— Multiple primer pairs

— Simultaneous quantification of mMRNA
transcripts

Oxidative Stress

s 7
¢ Linked with cancer, aging, diabet
1 hypoxia, etc.
NN Za S < A AR ' ¢ Antioxidant enzymes as
S /,- ! indicators of oxidative stress

19-plex end point PCR 4-plex real time PCR i - LG STV 355)



Hunting for
Oxidative Stress

* Where to begin?
— ldentification of regulatory markers
» High-throughput vs. Multiplex

* GeneChip Genome Arrays

 Ability to screen thousands of genes
 Limited biological replicates (cost $)
* Use as lead generators

« Pathway specific study

¢ Quantify complete metabolic pathways
« Limited genes compared to GeneChips
» Large number biological replicates/run
« Used for gene expression profiling

* Arrays are available for mRNA, proteins,
and microRNA

— mRNA GeneChip: 10,000-20,000 gene
expression

— Protein Microarray: ~10,000 protein
expression

— microRNA GeneChip: 1,000 — 2,000 mature
mMiRNAs

High-throughput technologies

* “Intellectual Fishing”

» Results are hugely informative, potentially
generate hundreds of new directions

Affymetrix Image of Hybridized Probs Array

High-throughput screenings

‘Old technology’, still the principal approach
Snapshot status of thousands of genes
Identify unknown gene regulations

Develop testable molecular hypotheses to
support physiological observations
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Beyond Gene Expression

» Advancement of assay technologies
— Measure almost anything you want!

ELA {Enryme Immuncassay]  Encyme Activity

Pon-11A, smsll malecule
etectian

det Inhibinor Soreening

Transcription Factets STEP Trnsatection

Coll-Naned
—

Cayman

Oxidative Stress
DNA / RNA damage and repair

8-OHdG DNA Damage ELISA (#STA-320)

8-OHG RNA Damage ELISA (#STA-325)

AP Sites Quantitation Kit (#STA-324)

BPDE DNA Adduct ELISA (#STA-357)

Checkpoint Kinase Activity Assays (#STA-414)

DNA Double-Strand Break Assay (#STA-321)

Global DNA Methylation and Hydroxymethylation (#STA-381)
UV Induced DNA Damage Kits (#STA-328)

Protein Oxidation
* Advanced Oxidation Protein Products (AOPP) Assay (#STA-318)
BPDE Protein Adduct ELISA (#STA-301)
Oxidized/Nitrated Proteins (#STA-214)
Protein Carbamylation ELISA (#STA-377)
Protein Carbonyl Assays (#STA-308)
Protein Nitration Assays and Reagents (#STA-303)

ROS assay

ROS assays
Hydrogen Peroxide and Peroxidase Assays (#STA-343)
In Vitro ROS/RNS Assay (#STA-347)
Intracellular ROS Assay (#STA-342) » CELL BIOLABS, INC.
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Oxidative Stress

« Commercial kits available to expand
beyond enzyme assays

) Antioxidant assays
Catalase Activity Assay (#STA-341)
| Aticatdunts Glutathione Assay (#STA-312)

Cu* HORAC (Hydroxyl Radical Antioxidant Capacity) Assay (#STA-346)
ORAC (Oxygen Radical Antioxidant Capacity) Assay (#STA-345)
Superoxide Dismutase (SOD) Assay (#STA-340)

Total Antioxidant Capacity (TAC) Assay (#STA-360)

l Chromagen

TAC Assay

Lipid peroxidation
4-HNE (4-Hydroxynonenal) Assays and Reagents (#STA-338)
8-iso-Prostaglandin F2a Assay (#STA-337)
Human Oxidized LDL ELISA Kits (#STA-388)
MDA (Malondialdehyde) Assays and Reagents (#STA-332)
TBARS Assay (#STA-330)

\ CELL BIOLABS, INC.

What is the blueprint?

New technologies = new approach
What changes in the cell ?
Gene expression changes

New Proteins and new PTMs discovery
+ quantitation

miRNA, small MW
Incorporate new technology



Transcription Regulation

TRANSCRIPTION FACTOR

@ PROFILING

Confirm by ELISAs in plates
RT-PCR,

Northern blots _ pownstream genes .
—_— — — Confirm by EMSA

Classic Methods
Protein levels Sl PR
- enzyme assay Western Blot

- antibodies : protein
- functional analysis
oo, HIE > EP0.> ELISA

Going forward The Future

NEXT ExiT

i — R

» Old vs. new technologies

mutamorphosis.orc
— Classic methodologies are still perfectly
functional

— New technologies provide same results at

faster rate, higher efficiency
* Tailor your technologies to your lab!
— Must be sustainable! $$$
e In 2013, there WILL be a new machine /
technology / assay

Stay Tuned!

TRANSCRIPTION FACTORS

Transcription Regulation
PROTEIN SYNTHESIS

MRNA, miRNA
PROTEIN PTMs
\ QUANTIFY
BY

MULTPLEX
METHODS

}

DYAN AN ‘Next Wave’

Protein levels QuantiGene Plex

- enzyme assay . .

- antibodies : protein Protein Luminex
Procarta® TF Plex

Downstream genes
—_— —

- functional analysis
e.g. HIF > EPO >
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