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JAK-STAT Signaling Cascade
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Mathematical Model (1): JAK-STAT Feed-Forward Cascade

(1) Unphosphorylated STAT-5
gt = = 1 EpoR,

P
\ (2) Tyrosine Phosphorylated STAT-5 Monomer
Jfri= = A0+ o EpoR,

(3) Tyrosine Phosphorylated STAT-5 Dimer
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(4) Tyrosine Phosphorylated STAT-5 Dimer
in the nucleus
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Mathematical Model (2): Cycling STAT-Signaling Pathway

{1) Unphosphorylated STAT-5
i ftim = A r .:E}mﬂ"

(2) Tyrosine Phosphorylated STAT-5 Monomer
iy o= = £ 0+ ko EpoR,

(3) Tyrosine Phosphorylated STAT-5 Dimer
Fyfti= = Aoy = At
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(4) Tyrosine Phosphorylated STAT-5 Dimer
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JAK2-STAT5 Pathway

Estimating the dynamical parameters (k)

Quantified Components:
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JAK2-STAT5 Pathway
Quantitative, time-resolved measurements
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Time-resolved Quantitative Immunoblotting
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JAK2-STAT5 Pathway
Fit of Experimental Data: Feed-Forward Cascade (1) versus Cycling (2)
Model (1) Model (2)
{arb. wnits) [art. units)

L L

=0 =

0 a0

PT-EpOR PrEpeR

20 0

"w "0
® ] 80 gmin. ° 6 2 30 40 B0 80 min}

) »

k) k]

R S

. "

L] L
° Py 10 20 % #5080

2

M

28

BTATE ;x‘. FR + + STATE . MH
iotopmmic) M (eytoplusmic) Myt i

1w 2 30 & 8 60 mnl 0 0 20 M & 80 6 imn)

5
82

4/1512005| Page 10 PD Dr. Ursula Kiingmiler  Theodor-Boveri-Group ,Systems Biology of Signal Transduction®

JAK2-STAT5 Pathway
Predicting Steps Most Sensitive for Perturbation
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JAK2-STAT5 Pathway
Experimental validation of prediction
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JAK2-STATS Pathway

Remote Sensor Bottle neck of systems biology approaches:

Generation of high quality quantitative data

Development/ Improvements of Quantitative Inmunoblotting

CCD camera based analysis

Conversion of arbitrary units to molecules per cell
Determining steps prone to errors

Normalizers

Calibrators
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Determination of molecules per cell Determination of the Error of Inmunoblotting Measurements
ERK2 (ng)
. — 3 w w w
recombinant total cell L mAw~o N gung
ERK2 lysate -
[ng] [Ingl 2 5 1B: «-ERK1/2
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a-ERK1[2 S ERK2 %
B g®
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. BLU (=107)
- 1e R » error < 20% for each data point
» linear detection N
» uncorrelated error (pipetting, antibody d ion)
> generation of absolute numbers > correlated error (gelitransfer inhomogeneities)
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Determining Steps Prone to Error Determining Steps Prone to Error
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L e s e A i o O . ::::w""' » randomized gel loading destroys correlated error (gel/transfer inhomogeneities)
lans rapebe 3 spling
> uncorrelated error (pipetting, antibody d ion) is small
> strong impact of correlated error (gelitransfer inhomogeneities)
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Use of Normalizers
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mm) Use of housekeeping protein with related molecular weight
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Use of Normalizers
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Time-course of STAT3 Activation in Primary Hepatocytes
Total Cell Lysate
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» calnexin as normalizer and randomized gel loading facilitates
the generation of quantitative data for primary adherent cells
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Calibrators

- Prepurification of proteins by immunoprecipitation

- Quantitative analysis of rare proteins
from cell lysate by immunoprecipitation

- Error prone multi-step process

Calibrator

(recombinant protein that harbors the epitope recognized by
the antibody used for immunoprecipitation)

> added to cell lysates

» used for normalization
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Time-course of STAT3 Activation in Primary Hepatocytes
Immunoprecipitation
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» GST-STATS3 as calibrator and randomized gel loading facilitates
the generation of quantitative data for 40 time points
» discovery of true dynamic behavior
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Generation of High Quality Quantitative Data
Identification of error prone steps - Improvements

Major source for errors:
« SDS-PAGE and transfer
Less important:

« Incubation with antibody and luminol

Improvements:
+ Randomized gel loading
« Prepurification by immunoprecipitation

« Use of appropriate normalizers and calibrators
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