cabiotec

TECHNISCHE
UNIVERSITAT -P
DRESDEN

BIOTEChnology Center of the TU Dresden

The bacterial two-hybrid system based on
adenylate cyclase reconstitution in Escherichia

coli

Aurélia Battesti, Emmanuelle Bouveret, 2012

Bo Heinz
Cellular Machines, Fundamentals
Diez, Schlierf

Ussverutatibmdtuen Cat Gamtaw Cana $DIO(’.€C @E;‘_Q_ Q MAX BERGMANN ﬁDIGS-BB (oo borchangpoameracra DRESOEN 4

center of biomaterials dresden

5

Monday, June 1, 15



() e Introduction SACE-P

DRESDEN

Protein-protein interactions in Drosophilia melanogaster

Protein-protein interactions are intrinsic
to all biological processes, ranging from
metabolism to structure.

Discovering new interacting partners
can provide insight into actual function,
beyond what is possible with sequence-

based predictions.

It can also provide a platform for future

research.

"Modeling Dynamics of Information Networks." Modeling Dynamics of Information Networks. N.p., n.d.Web. 01 June 2015. 2

Monday, June 1, 15



() SRREREITAT Introduction FACE-P

DRESDEN

Adenylate cyclase from Bordetella pertussis

adenylate cyclase domain Haemolytic domain

1706

Adenylate cyclase is an enzyme from B. pertussis, the agent of whooping cough, and acts as a
toxin that binds to calmodulin in eukaryotes elevating the level of cAMP in the organism.

This is a large protein with 1706 amino acids, however its catalytic activity residing in the
first 400 amino acids.

The catalytic domain is divided further into two sub-domains:
25 kDa (residues 1-224) catalytic site and |8 kDa (residues 225-399) calmodulin binding sitc;.

Battesti, Aurélia, and Emmanuelle Bouveret. "The Bacterial Two-hybrid System Based on Adenylate Cyclase Reconstitution in Escherichia Coli." Methods 58.4 (2012): 325-34.Web.
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When the adenylate cyclase domain is expressed in E. coli, there is some residual cAMP

When T18 and T25 domains are expressed separately, no cAMP is produced.

When two interacting proteins of interest , either cystolic or membrane, are fused to T 18
and T25, the domains are brought into close proximity and restore adenylate cyclase
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Battesti, Aurélia, and Emmanuelle Bouveret. "The Bacterial Two-hybrid System Based on Adenylate Cyclase Reconstitution in Escherichia Coli." Methods 58.4 (2012): 325-34.Web.

Monday, June 1, 15




@ TECHNISCHE
UNIVERSITAT
DRESDEN

Method SACE-P

Bacterial Two-Hybrid System

Escherichia coli

CAMP4+CAP
{®
o

0 A

The gene coding for endogenous adenylate
cyclase is deleted on an E. coli strain (cya).

The cya strain is then transformed with both
plasmids containing the T25 and T |8 hybrids.

A positive interaction between two proteins of
interest (X andY) restores adenylate cyclase

activity of T25 and T 18.

Newly synthesized cAMP interacts with the
catabolite activator protein (CAP); the cAMP/CAP
complex binds to promoters and regulates
transcription of several genes.

Quantitative assays can directly measure the level
of cAMP synthesized.
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LB plate + Ampicilin and Kanamycin

2 days 30°C

(”-CM

LB + Ampicillin and Kanamycin
+ PTG (0.5mM)
overnight 30°C

(M-Dﬂ«ﬂonofﬂnhmxﬂon)

Colorimetric assay
Drops (244) on reporter plates
>2 days 30°C

NO iNteraction
Interaction

MacConkey medium LB + X-Gal + IPTG
+ 1% maltose or lactose

B-galactosidase assay

Mller unty
y ., . p

e

Following heat-shock transformation, cells are
incubated for two days.

Triplicates are then picked from each colony
and grown overnight with shaking.

Each culture is dropped on LB-X-Gal plates,
MacConkey/maltose, or lactose plates for
detection.

Positive controls are composed of T25-zip and
T18-zip plasmids.

Negative controls are composed of proteins
that do not interact, two empty T18 and T25
plasmids, or each protein of interest against an
empty T18 or T25 plasmid.
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Battesti, Aurélia, and Emmanuelle Bouveret. "The Bacterial Two-hybrid System Based on Adenylate Cyclase Reconstitution in Escherichia Coli." Methods 58.4 (2012): 325-34.Web.
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Beta-galactosidase assay

This is a high throughput assay with 3,4, or 6
ot nmnienasn | replicates to account for variability in detecting

‘Q& culture overnight at 30°C with shaking

‘ interactions.
g \ o Indicator plates often display higher sensitivity than
s 4505 001% the beta-galactosidase assay.
e + CHCl

.-‘
n 1S0ul LB | :'
1:4 dilution) l":

A microplate spectrophotometer is required for
in 800yl Z Buffer thiS protocol.

||||||||||||||

vortex 10 sec

N The relative beta-galactosidase activity in each of
the 96 samples is calculated with this formula:

AAAAA

SR ((OD420nm at T2 - OD420nm at T1)/(T2 -T1))

5 15044 Z Bustfer

)| (14 dilution)

rataters roeieeleele (OD600n m)

----------------

e ToCan 28°C
dispense 40ul ONPG 4mg/ml
ead O0___ svery two minutes
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Library screening

S ACE-P

Library screen
selection on:
M6E3 + maltose + [PTG + XGal

subcloning
on M63 selection plates
or ot MacConkey

new transformation with
T18-balt/T25-prey plasmid mix
from B,

D
T25-prey

ns T18-bait

new transformations
with purified T25-prey

and prey identification

F o
\\Q .‘\W .\\$'

s @O
et @ @
T25-prey @) '

full length prey cloning

final interaction test

BACTH is a simple and rapid tool allowing for the generation of T18 and T25 libraries.

The screen is based on the ability of cells to grow on minimal medium containing 0.2%

maltose or lactose.

Blue positives undergo isolation, interaction testing, purification, sequencing and
repeated interaction tests for verification.
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Since the output is a diffusible cAMP, interactions can take place anywhere in the cell,
making it possible to study a large variety of proteins including membrane proteins.

Using an indirect method to detect protein interaction based on a complicated signal
cascade allows for the use of minimal media consisting of lactose or maltose for positive
selection, a powerful tool for library screening.

BACTH is composed in E.coli and the proteins of interest are therefore isolated from

indirect interactions otherwise existing in their host microenvironments.
"Escherichia Coli." Wikipedia.Wikimedia Foundation, n.d.Web. 0l June 2015.
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Acetylation Methylation Ubiquitination/SUMOQylation

"Post-translational Modifications." ChinLab MRC LMB. N.p., n.d.Web. 0l June 2015.

With different origins of replications but the same promoter, optimizing
stoichiometry of Protein X andY to insure an interaction becomes challenging.

Fusion to T25 or T 18 can mis-fold the protein of interest, make it unstable, or
disallow its interaction with its partner.

Using an indirect measure to determine protein interactions has constrains as the
signaling cascade is complicated and the output is not only regulated by cAMP.

BACTH is composed in E.coli and therefore any post-translational modification of
proteins of interest can be an issue. 0
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Dimerization and interactions of Brucella suis
VirB8 with VirB4 and VirB10 are required
for its biological activity

Athanasios Paschos*”, Gilles Patey', Durga Sivanesan®, Chan Gao* Richard Bayliss'®, Gabriel Waksman'®,

David O'Callaghan®, and Christian Baron*-**

*Department of Bology, McMaster University, 1280 Main Street West, Mamilton, ON, Canada LES 4K 1; 'Institut National de i Santé et de la Recherche
Médicale U431, Faculté de Médedine, Avenue Kennedy, F-30900 Nimes, France, "School of Crystaliography, Birkbeck College, Malet Streer, London WCIE

THX, United Kingdom; Cepartment of Biochemistry and Moleodar Biology. University College London, Gower Street, London WCIE 68T, United Kingdom:
and Minstitute of Structural Molecular Biology, University College London, Birkbeck, Malet Street. London WCIE THX, United Kingdom

Edited by Patricia C Zambryski, University of California, Bereley, CA, and approved March 21, 2006 (received for review February 1, 2008)

BACTH crosses Domain boundaries and investigates protein interactions of Bacterial,
Eukaryotic, and Viral systems.

BACTH investigates cell division, two-component system proteins, small proteins forming
transmembrane segments, and E. coli and M. tuberculosis genomic libraries.

Paschos. et al. used BACTH for screening a 30,000 compound collection in order to find
molecules that inhibit the dimerization of VirB8.

Additionally, BACTH can test the effects of gene deletions, characterization of residues or
domains involved in an interaction of interest. I
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BACTH identifies a positive interaction between two
proteins of interest (X andY) when adenylate cyclase
activity of T25 and T 18 is restored in cya strains.

Newly synthesized cAMP binds to promoters and
regulates transcription of several genes, used for
measurable readouts of successful protein-protein
interactions.

BACTH is a simple and rapid tool allowing for
generation of high throughput assays and library
screening.

Certain characteristics of BACTH that can be both seen
as advantageous and disadvantageous.

BACTH has a multitude of applications and can study

interactions in a variety of protein types.
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