All other cells search
for recruitment
chemoattractant

(default) where none

is present a random
walk performed.

Goal Chemoattractant

LA

A little reminder......

Key

Default State - Search for
recruitment chemoattractant and if
none found perform random walk.

Local State - The local signal has
been received indicating the cell is
near the object. This shifts cell into
following the goal chemoattractant.
Cells in contact with the
item or sensing the local Found State - Contact made with
signal follow the goal the object. Follows the goal
chemoattractant. chemoattractant and produces
recruitment and local signals.

Local Signal - Cell-to-cell
communication to signal that near
object.

Recruitment Signal - A
chemoattractant to recruit other
cells to the area.

CheW and CheW" are
produced exclusively

to ensure only a
single attractant is
being followed

Chemoattractors and sensors

Goal

Recrultment

\ g

Sensors

Local Cell-to-Cell
Signal

. Item to Move

® X

CheW } Chew* = | 4
| The G-protein sensors and

CheA CheA + cascade of reactions regulate the
. switch between chemoattractants

el " Generation of recruitment
' chemoattractant (long range)
» and local cell-to-cell signal
Motor Unit '



Sensing the particle

Harvard 2007- Cling.E-coli

— Successfully produced functional N-terminal
his/strep2-tagged AIDA1. (Biobrick no??)

— Magnetic-activated cell sorting (MACS) and
Fluorescence-activated cell sorting (FACS)
assays

— Binding with high affinity to bead might affect
motility??



Chemotaxis

Bangalore 2006 — X-Y chemotaxis

Aspartate Serine Glucose
— 2D control of chemotaxis on tri-gradient (nducible)  (Inducible) ~ (Defuly
@I
— Produced three biobricks that might be
useful in our project: \ l /
« Plac —tar— CFP (J22001)
* Ptet —tsr — RFP (J22005) @
» Plac —tar — CFP - Ptet — tsr — RFP (J22010)
15
r tar  cfp |" st rip
| 1 1 1 11 | 1 1 1 |
Plac Ptet

\ 4 v y
Tar CFP Tsr RFP




Chemotaxis

Bangalore 2006 — X-Y chemotaxis

: Space
— Chemotaxis assays: A I F rp
1. Slant plates
2. Bridge setup ‘v
3. Plug assay
__ Agar + 10mM
Chemoattractant
A sk |
_ Thin Azgér Lavcr —; ’(nlovcrslip
1 B Sk |
- noculation .
site Suspension




Chemotaxis

Cambridge 2005

Some sort of chemotaxis, on and off but think is predetermined, v little
info on wiki, most documentation missing or inadequate

Attractant ‘A’

-;/_ ya - When caught change to a
- J/' ’ 3% Colour — repress
(%,ﬂ——i P J ) chemotaxis/express Sticky
{ o S = Flagella
f ~ Q

‘(” p %;/ (’




Chemotaxis

Cambridge 2005

Results not great

http://www.ccbi.cam.ac.uk/iGEM2005/index.php/Main_Page



Recruitment

Park et al. (2003) Motion to form a
quorum. Science. 301, 188.

— Showed that E.coli and V.harveyi
can use chemotaxis to form a
quorum in confined spaces.

— “Cells accumulate in the enclosure
because they are attracted to
each other due to their secretion
of amino acids, such as glycine,
that are chemoattractants”.

— “In nutrient-depleted
environments...the cells
themselves become sources of
attractant molecules.”

Alternatives...

Using default glucose gradient (Bangalore 2006) that guides
bacteria from inoculation site towards the particle??7??



Quorum Sensing

Havard 2007 — Quorum sensing

— Prepared ‘Receiver’ (luxR-GFP) (T9002) cells and
Co-transformed ‘Sender’ cells (luxl-RFP/AIDA-
strep2) (S03623 + 113507 / ?7?) tetfe I + RFP
— Demonstrated that co-transformed sender cells ﬁ G“
accummulate around streptavidin beads and that

‘receiver’ cells are able to detect quorum signal
released by ‘sender’ cells.
T7  AIDA-strep2
DA

— Binding to the bead however, is not an signal for ﬁ E

production of the quorum signal. Strep?2 tag

Sender

tetk luxR luxpR GFp
ﬁ ) _Fﬁ « 3

Receilver




Quorum Sensing

UT Austin — Quorum sensing

E. coli carried 30OC6HSL amplifier and a pseudomonas autoinducer
(Al-1) amplifier

HSL activates high level production of HSL

PAI activates high level production PAI

Both compounds diffuse out of cells in all directions

Also used bio brick to repress production of both HSL and PAl in
660nm light

allowed cells in a patrticle area to be targeted by using light (or the
lack of light)



Quorum Sensing and the
chemotactic switch

Cambridge 2006

*Aiming for pattern of Ecoli of 2 types, one expressing RFP, the
other GFP

*\When there is a high concentration of one type in an area the
other type will change into the 1st type




* Used 2 types of homeserine lactone (HSL) C6 and C12. Used in Quorum sensing
* One type produces C6 HSL and responds to C12 HSL,

laci+pl lux pR lux! d lam LasR+FPAl mRFP1

o9 o0 F o= oG9

ROO11 BO034 CO082 BOO1S RO0G2 BOO24 CO081 BOO1S ROOS1 BO024 CO079 BOO1S ROO7S BO0034 E1010 BOO1S

* the other type Produces C12 and responds to C6 that has been
produced by the 1st type

d lam lasr LasR+PAl lasl lacl+plL luxr lux pR GFP

P o @ P e — @ P =@ e @

RO051 BO034 CO079 BOO1S RO07S B0034 C0078 BO015 RO011 BO024 CO0082 BOO15 RO062 BO024 E0040 BOO15S



*Using a series of operons had 2 final types glowing either red or green that
both inhibited and promoted each others cell types.

LP, cl,,, | tast | gfp

P Cl e ailA P cl, aiiA
Operon 3

@ 30-C6-HSL

— 30-C12-HSL
: Put .aSR & anhydrotetracycline
i Operon 5 * arabinose
............................. _’ 1
e
Poonan. | R P e

Figure 5.1. Diagram of genetic circuitry of the proposed bi-stable
switch system

*So the type of Fluorescent protein expressed depends on numbers/
concentrations of types.






Uses in our project?

*Switching from recruiting to pushing
*Over complicated way?
*Reversibility?

*All biobricks already available,

*Proposed variations, using different HSL systems

<http://www.ccbi.cam.ac.uk/iGEM2006/index.php/Main Page>




Experimental Protocols

Rice 2006/2007— Seek and destroy E.coli

— Produced a chimeric LuxN-tsr receptor which proved functional
In swarm assays - but not applicable to our project

— Swarm assay

» Used plates of Tryptone soft agar (TSA), and made 13 equidistant
spots of chemoattractant down the midline of the plate.

« Chemoattractant gradient extends from the midline in Gaussian

distribution — Derr P, Boder E, Goulian M. (2006) Changing the specificity of a
bacterial chemoreceptor. J. Mol. Biol. 355(5):923-32.

« Transformed cells spotted onto TSA plates and grown at 30°C.
Imgaes taken at different time points.



