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Abstract The hypothesis tested in this paper is that
‘quorum sensing influences the microbial surface cectroki-
e popetis. Bk ool MGISS a1g MGIGS3
Luxs- mutant (lacking quorum-sensing v Auto-
inducer Synhase AL were wsed for s suds. A2
production (or lack of) in both ssins was analyzed using
the Vibrio harveyi bioassay. The lvels of extracelular AL
with and without glucose in the growth medium were
conssen ith proviously pblshed work The surfsce
electrokinetic properies were determined for cach strin of
. colf MG1655 by memurin b hiogtaeicmobily
wing o phese amplie gk sculing (PALS) Zea
potentil analyser. The findings show that the surface
Chrte of the s i dependent upo e sage . th
srowth phase as well as the ability 1o patcipate in quorum
sensing. . significant differences in the clectro-
phoretic mobilty were abserved between both irains of £.
i, Thes fndings suggen hat quoram sening plys &

ifican role in the surface chemistry of bactera during
r growth,
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Introduction

Bacterial cel electrokinetic surface propertes have been
shown 1o play a erucial role in bacterial ageregation
boigbodin et al. 2005; Ma

the presence of charged

membrane proteins (Torimura ct al. 1999). Surface electric
potentials for non-biological colloids are generally obtained
by the measurement of the movement of the charged
particles in an extemal electric field, i, the electrophoretic
(EPM). The magnitude of the EPM gives an
indication of the overall net charge on the surface of a
particle. A negative EPM value indicates that a particle has.
a negative charge, while a positive EPM value indicates
that the partice has a net positive charge. This measure-
ment of movement s relaed to the Zeta potential (Hayashi
et al. 2003; Sonohara et al. 1995; Tsuneda et al. 2004)
usually via the Smoluchowski's mobility formula (Jucker ot
al. 1996) and gives an indication of the energy barrier
between colloids, which needs to be lowered to promote.
agaregation (Russell et al. 1959).
lowever, the assumptions in the Smoluchowski calcu-
ation are not suitable for use with bacteria due to_their
porous surface and non-spherical shape (Sonohara et al.
1995). Ohshima’s soft-partile electrophoresis theary, de-
veloped by Ohshima and Kondo (Ohshima 1995; Ohshima
and Kondo 1989, also assumes a spherical shape, but is
suitable for colloids with a soft outer layer. This model
assumes the presence of an ion-penctrable layer of finite
thickness around a core spherical patile, and this approach
has been found to be useful i estimating the surface charge
of several biological systems from the electrophoretic
mobility (Hayashi et al. 2003; Sonohara et al. 1995;
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Touneda ot al. 2009, H

1. 003 ad Ehmshudm

dictates their cll surfuce pmpcmc‘ as
T el Bl
maximum i clocuophoreie mobilty occured durin he
ary Sonry phis. Sonchars o a. (1999 ako wscd
electrophoretic mobilty to show that Gram-negative bacte-
ria are more negatively charged and have a less soft surface
than l:mn—pnﬂ\l»c bacteria.
More . the same soft particle theory was used 1o
invetge e diffrences m twe B <ol e, whch
had diffrences in the lengih of the harged macromole
cules present in their cell surface (de Kerchove

1o compare and characterise the clectrokinetic surface
properties of a variety of different bacterial stins (van
Loosdrecht et al. 1987). However, whilst it is possible o

imnsityog medliy Wiz & l. G000 showst ik
quorum sensing also regulaes outer membrane.protcins
Sch s etin,which i some bactrsas ivolved i cl-
t-cell adhesion. These findings suggest that the outer
surface of bacteria, and hence the electrokinetc properis,
be altered if quorum sensing regulates these ouer-
et ol DLk o3 G01) i DNA
microarray analysis o identiy genes regulated
Eetertit ol o oy o e b
porin protin) 7fa¥ (biosynihesis of core lipopolysaccalr-
de), /lip (Flagellar biosynthesis), r/aj(UDP-D-glucose:
(aactosyl) lipopolysaceharides glucosylransferase) and

1502 (putative adhesin) were al regulated by Al-2
re mggesing e o

seasing may alier
Fih chango ncl-sufce eectokielc propeies, aheed
e O ORS
engineering point of view, the cell-sufuceelectrki

using a colloidal approach, the key biological question in
cell-cell agregation and biofilm formation is what govers
the change in cell surface properties to promote or resrict
adhesion

here s evidence suggesting that cell-t-cell communi
porun gy s ki el

cati
surfuce prope

served for

peseTa00n JCoE 5ot (ot ATt
sensing has been well studied in several al systems
(for reviews, see Waters and Bassler nmm, Xavier and
Basler (2003). Bacari e i o monor he micrbil
community via quorum sensing by produci ecting
nd responding o low molecult weigh indl mul\xu\u
Called toinducers (A, Recent, indings have hown i
most bacteria produce, detect and respond to an autoinducer
AL2, suggesting that it may be used in interspecies cell-to-
cell communication (Schauder et al. 2001; Waters and
Bassler 2005).

B el sk ¢ o i bl
formation of Sireptococcus mutans by ihe
‘elucosyltransferase genes (Merit et al. 2003;
2003). Park et al. (2003) also obs: nces
agaion poeris berwen Exhecle ol
o produce AL (Geted LS oy
s e recenty, AL has heen

Barrios et al. 2006) and the
proteins (Winzer et al. 2000). Gonzalez Barrios et al. (2006)
recently demonstrated that a dramatic change in biofilm

by

formation was observed on the addition of Al-2
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propertis are a soven bt sdbsion
and aggregation. This is because as the cels are brought into.
close proximity, an atractve ineraction potential must be
present o promote cell-cell ageregat

e sesture it will s the s and e of i
interacion (Hayashi et al. 2003). Hence, we seck to quantify
the influence of quorum sensing (A1-2) on the cell-surfuce

ctrokinetic properties.

Materials and methods
Bacteral strains

E. coli strains MG1655 (wild-type) and MGI655 LuxS-
mutant as well s Jibrio Harveyi BB170 (xN:Tns, sensor
1=, sensor 24) were used in this study (supplied by Prof.
ol Wi, Uiy of otiaghar, U, The £ col
MGI655 Luxs- mut s identical (0 the £
ol LS. o tht s e vy descrvd n £
coli BL2I (Chen et al. 2002). The mutation was transferred
into £ coli MGI6SS by P1 phage transduction. L‘Mnmn
Tavender, and Hardie, personal communication, .
ol L oantcomaind s deetion f LS over 3
0y rnes, and s wesconimed s PCR i
O L
DNA evcted (GencElie NA2IOO, . UK) o
o h E ol MGH655 wid type and LusS. mutant (PR
Dasés ki Sigms, UK. uing e poacol ne oyl a 4

C for 2 min, 30 cyeles of 95°C for | min, 52°C for | min,
T o 2 i o fially, 72°C for 10 i s e

ne was amplified using the primers LuxS-F3 (5~
mccnrmrmmvmcm‘ ) and Lux S -
TCCTGCARYTTY' -3) designed from Primer3
o (Roren i Shn\uaky 2000).
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