
Module 2: Systems Engineering (M2D4)

• A few announcements -- if you haven’t watched my Oscar-
worthy video

• Revisit sequencing analysis

• (Semi)Quantitative methods for measuring pathway activity

• A few hints for lab 

• Scale it up!

• Journal club!
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Module 2: Systems Engineering
Experimental Context: EGFR System

Approach: Use mathematical models to make predictions and 
‘high throughput’ experiments to test hypothesis.

Themes of the module:
Cancer Systems Biology

High Throughput Screening Technologies

Design Goal:
Overcome 

resistance to 
EGFR inhibition 
in SKOV3 human 
ovarian cancer 

cells.
Grunt et al. Biochem. Biophys. Res. Commun. 
385:454-459(2009)
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A bit more information about automated Sanger sequencing...
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Modified from Wikipedia Commons

PCR product

Capillary with 
gel

Laser Detector

A bit more information about automated Sanger sequencing...

Chromatograph

Primer
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Our cell line of interest:

SKOV3
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EGFR mutation predicts drug response.

SKOV3?

Epidermal growth factor receptor tyrosine kinase inhibitor-resistant disease. Ohashi K, Maruvka YE, Michor F, Pao W. J Clin Oncol. 2013 Mar 10;31(8):1070-80.
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What other information might we need?

Design Goal:

Overcome 
resistance to 

EGFR inhibition 
in SKOV3 human 
ovarian cancer 

cells.

Grunt et al. Biochem. Biophys. Res. Commun. 
385:454-459(2009)

Bidkhori G, Moeini A, Masoudi-Nejad A (2012) Modeling of Tumor Progression in NSCLC and Intrinsic Resistance to TKI in Loss of PTEN Expression. PLoS ONE 7(10): e48004

Erlotinib
EGF

pAkt pErk pSTAT3
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What other information might we need?

Bidkhori G, Moeini A, Masoudi-Nejad A (2012) Modeling of Tumor Progression in NSCLC and Intrinsic Resistance to TKI in Loss of PTEN Expression. PLoS ONE 7(10): e48004

Erlotinib
EGF

pAkt pErk pSTAT3

Low throughput analysis

“Easy” with only
1-2 conditions.

How to measure?
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Antibody-based methods for phosphorylation 
detection: WB, ELISA, Luminex

How do you make antibodies?

Polyclonal Antibodies

Many antibodies against your target.
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Antibody-based methods for phosphorylation 
detection: WB, ELISA, Luminex

How do you make antibodies?

Polyclonal Antibodies + purification

Many antibodies against your target.

+ High Salt
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Antibody-based methods for phosphorylation 
detection: WB, ELISA, Luminex

How do you make antibodies?
Monoclonal Antibodies

One antibody against your target

Modified from Wikipedia Commons

Mouse injected with antigen
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Polyclonal vs. Monoclonal Antibodies

*cost to make your own
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Polyclonal vs. Monoclonal Antibodies

Polyclonal Monoclonal

Cheap(er) ~ $1500* Expensive ~$7,000*

Limited supply Unlimited supply -- grow your 
own

Easy to purify (need antigen) Easier to purify (need protein A)

Use to amplify signal Often 1:1

Recognizes denatured protein Recognize secondary structure

Variable across animals Consistent results

Some non-specific binding Less non-specific binding

*cost to make your own
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Polyclonal vs. Monoclonal Antibodies

Polyclonal Monoclonal

*cost to make your own
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So much data. Mistakes can be made!

http://www.cbsnews.com/video/watch/?id=7398476n
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Semi-quantitative analysis: Western blot

1. Lyse cells

SDS-PAGE with whole cell lysate

http://www.unibas.it/utenti/parente/fuzzy.html
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Semi-quantitative analysis: Western blot

1. Lyse cells
2. Separate proteins using SDS-PAGE

SDS-PAGE with whole cell lysate
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Semi-quantitative analysis: Western blot

1. Lyse cells
2. Separate proteins using SDS-PAGE
3. Transfer proteins to a membrane (nitrocellulose)

SDS-PAGE with whole cell lysate
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Membrane with whole cell lysate

http://www.hollsberglab.dk/Methods/WB.php
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Semi-quantitative analysis: Western blot

1. Lyse cells
2. Separate proteins using SDS-PAGE
3. Transfer proteins to a membrane (nitrocellulose)
4. Block all sites not containing protein
5. Probe with antibodies of interest

Membrane with whole cell lysate

http://www.hollsberglab.dk/Methods/WB.php

Membrane probed with 
antibodies

http://www.hollsberglab.dk/Methods/WB.php
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Semi-quantitative analysis: Western blot

A few signals per lane -- up to ~17 lanes per mini gel.
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Semi-quantitative analysis: Western blot

A few signals per lane -- up to ~17 lanes per mini gel.
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Semi-quantitative analysis: Your experiment

1. Stimulate cells with 8.4 nM (50 ng/mL) EGF ± Erlotinib
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Semi-quantitative analysis: Protein Microarray

http://www.licor.com/bio/applications/odyssey_applications/rpa.jsp

A few signals per spot -- up to hundreds of spots per slide.
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Semi-quantitative analysis: Protein Microarray

A few signals per spot -- up to hundreds of spots per slide.

Strength:
Multiplex -- many 
conditions can be screened

Weakness:
Non-specific interactions
(also huge problem in WB)
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Quantitative analysis: ELISA

Capture 
Antibody

Capture 
Antibody

Detection 
Antibody

Biotin 

Detection Signal

One signal per well - but up to 384 wells/experiment.
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Quantitative analysis: ELISA

Capture 
Antibody

Capture 
Antibody

Detection 
Antibody

Biotin 

Detection Signal

Most common 
to capture

total protein:
phosphorylated 

+
unphosphorylated

Detect with anti-phospho
antibody

One signal per well - but up to 384 wells/experiment.
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Quantitative analysis: ELISA

How to quantify: ELISA Standard Curve #2

0 2 4 6 8
0

1

2

3

4

-Log10[protein], pg

A
bs

Y=Bottom + (Top-Bottom)/(1+10^((LogEC50-X)*HillSlope))

Very often not linear 
relationships

General protocol: Create a standard curve on each 
plate (usually supplied with kits or make your own)
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http://commons.wikimedia.org/wiki/File:Workflow_IA.png

Quantitative analysis: Multiplexed bead based ELISA
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Quantitative analysis: Multiplexed bead based ELISA
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Quantitative analysis: Multiplexed bead based ELISA
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Quantitative analysis: Multiplexed bead based ELISA
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Quantitative analysis: Multiplexed bead based ELISA

http://www.ebioscience.com/knowledge-center/product-line/procartaplex/technology.htm

Theoretically up to hundreds of 
conditions per well -- 384 
(sometimes >1500!) wells per 
experiment

In reality: 20-30 different 
phosphoproteins / well max
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