Spying on cells

Analyzing and exploiting intracellular processes



Medical application

e.g. Bax overexpression

e.g. EGFR
assay development — overexpression

color-coded reports (Brainbow) \
ROS
. . . Cell stress detection systems

Caz* . . l

LC3-levels . . . Effector mechanisms

Gain insight into
* Signaling Pathways
* Metabolic Networks
* Physiological conditions within the cell
* Cellular reasoning




Reporters
*Brainbrow Approach

* GFP, YFP ...
* adjustable reporters
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Detection Tools — Inducible Promoters
* ROS, Hypoxia, Ca?*...
* Key transcription factors (Signaling,
Metabolism)
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First eukaryotic biobrick library in the registry
First methodical approach to introduce mammalian cells to iGEM




e Reporters

eDifferent efficiencies

e Effectors
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* Signaling Pathways

* Metabolic Networks
* Physiological conditions within the cell
e cellular reasoning
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Differential Gene Expression
\ * Promoters as signal integration site I

Promoter Gene of interest
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Promoter

GFP

,Natural Promoters” »Synthetic Promoters”



Promoters as Detectors

Natural Promoters

— Flanking upstream-sequence of Genes with
differential expression under clearly defined
circumstances

Advantage

— The complex sighal integration function of the
natural promoter is preserved

Disadvantage
— Many pathways are too complex for this approach
— Monitoring of specific TFs is not possible



Promoters as Detectors

Synthetic Promoters

Promoters can be engineered through the combination of
— Basal promoters
— DNA-Binding Sites
— Enhancer Elements

Advantages
— Analysis of specific TFs

— Allows the recombination of different binding sites to
construct novel induction patterns

Disadvantage
— Functionality and Feasability
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P53 network
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autophagy network
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autophagy network
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Tang _H, Da_L et al. (2009): “Hepatitis B Virus X Protein
Sensitizes Cells to Starvation-Induced Autophagy via Up-
regulation of Beclin 1 Expression”

Vesicle expansion and comp ®/
[a1
( B|f1 D
@ UVRAG]|
543 Baciin | ksl
Vps34
000000 Q0900

W Fanehisa Laboratories

AUTOPHAGY

$70 CBif1)

S, (UVRAG]
TR Ambrat

Vps34

NO AUTOPHAGY

\JNK:ctivation
CBif1)

“T69 s71,5)33#?3 |
UVRAG]| _
BH3 Beclin 1 jaalil

Vps34
249000000 €109

AUTOPHAGY




p
Molecular
\switches

-

(L

Conjugation with
ATGI2 by ATGT + ATGIO

Interaction
with ATGI&L

(U

~

Apoptosis

Full-length ATGS = » Autophagy
Calpain-mediated Interaction with BCL-XL
proteolysis and translocation to
mitochondria
Truncated ATGS g U » Apoptosis
b
Induction *|: ‘ BMF  HRK  BIK BNIm Inactivator BH3-only
L Y E | L |
De-inhibition Anti-apoptotic and
~ 1 : anti-autophagic
a Activator BH3
Activation - ( tBID, BIM, PUMA ) ( Beclin-1 j
- L : |
l Mitochondria 1ER
Execution (| BAX,BAK BOK ) ( veswm )

Autophagy

\E'@He 4| Molecular switches between apoptosis and autophagy. a | Dual funct@/

A a9l MILC¢ peLMmeel)



-~
Molecular
\switches

~

a Conjugation with Interaction
ATGI2 by ATGT + ATGIO with ATGISL
Full—lenéh ATGS E u u » Autophagy
Calpain-mediated Interaction with BCL-XL
proteolysis and translocation to
mitochondria
Truncated ATGS ; u » Apoptosis

b Specific stressors

;x)

Induction*|:(BAD BIK  BMF
L

L.
<

HRK Inactivator BH3-only

De-inhibition Anti-apoptotic and
i — : ] anti-autophagic
a Activator BH3 /\/
L —~— —
l Mitochondria ER
Execution BAX, ( VP534 j

) | I

Apoptosis Autophagy

Cigure 4 | Molecular switches between apoptosis and autophagy. a | Dual function of



Promoters as tools
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Patents

BioBricking a patented As long as no one uses

invention (e.g. TET, it: Patent !=

promoter library) Company can restrain
anyone from using it

Needs to be checked for

each individual case
(PW-sensors: OK)

BioBricking parts from V
AddGene, publications

> The ,,Best Foundational Advances — Eukaryotic BioBrick
Library®“ Team should put parts into the library that are
free to use for everyone




OUTPUT: FP-based - Brainbow

Proteosome sensors (Clontech)

Light sensors Engineering Escherichia coli to see light Nature 24 November
2005

Ca++ JBiol Chem. 1997 May 16;272(20):13270-4.

Cu+/++ J.P. Sumner et al. / Biosensors and Bioelectronics 21 (2006) 1302—
1308

Hg  Richard Chapeau, Rebecca Blumberg, et al., Protein Science (2008),
17:614-622.

Voltage sensors Journal of Neuroscience Methods 161 (2007) 32—-38
PH sensors Biophysical Journal Volume 74 March 1998 1591-1599

ROS sensors

Maheshinie Rajapaksha et al.: Proceedings of the 3rd Annual GRASP
Symposium, Wichita State University, 2007

Journal of Bio. Chem., Vol. 279, No. 21, Issue of May 21, pp. 22284-22293, 2004



Questions?
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Reporters
*Brainbrow Approach
* GFP, YFP ...
* adjustable reporters
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Detection Tools — Inducible Promoters
* ROS, Hypoxia, Ca2+...
* Key transcription factors (Signaling,
Metabolism)
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First eukaryotic biobrick library in the registry
First methodical approach to introduce mammalian cells to iGEM




