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Study on the Acyl-Homoserine L actone Production of a
Gram-Negative Bacterium Sphingomonas xenophaga
by Co-Cultivation with Variovorax paradoxus

Saranya Phunpruch? and K el Kamino?

ABSTRACT

Acyl-homoserinelactoneisoneof thesignal moleculesproducedfor thecell-to-cell communication
in Gram-negative bacteria. When bacteriareach the high cell density at athreshold level, they produce
acyl-homoserine lactone. Acyl-homoserine lactone can bind to the receptor and then induce the target
gene expressions resulting in the decrease of the bacterial populations. From the co-cultivation of
Fohingomonas xenophaga that can produce acyl-homoserinelactone and Variovor ax paradoxusthat can
utilize acyl-homoserine lactone as an energy source, it was found that the optimum conditions for co-
cultivation both bacteriawere L B medium and incubation temperatureat 20°C. In addition, V. paradoxus
could degrade acyl-homoserinelactone produced from S. xenophaga as an energy sourceresulting inthe
increase of the 2-fold higher growth rate. The slower death of S. xenophaga by co-cultivation is due to

the decrease of acyl-homoserine lactone level.
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INTRODUCTION

From results decade ago it was shown that
bacterial cells have a capability to communicate
each other, coordinate their activities and finally
form “community”. Bacteria use chemical
compoundsassignal mol ecul esfor communication.
Gram-positive bacteriaproduceandreleasesignal
molecules as small peptides (Dunny and L eonard,
1997) whereas Gram-negative bacteria produce
and release signal molecules in various types of
compounds. Onewell-studied chemical compound
is acyl-homoserine lactone (AHL) (Greenberg,
2000). This molecule is produced and released
from bacterial cellswhen cellsreach the high cell

density at athreshold level. AHL can bind to the
receptor, subsequently regulate some gene
expressions and finally control the bacterial
populations (Fuqua et al., 1994). The system
which bacteriacan monitor own popul ationswhen
their growth reachesthe high cell density hasbeen
termed “ Quorum sensing”.

Acyl-homoserine lactone has a common
structureas 3-0x0-Cg-HSL showninFigurel.ltis
composed of lactonering and acyl sidechain. The
acyl side chain has normally 6 carbon atoms and
can vary from 4 to 16 carbon atoms. Moreover, at
the third carbon of acyl chain, it can be fully
saturated or bound to hydroxyl group or carbonyl
group. AHL has many types distinguishing from
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Figurel Structureof 3-oxo-Cg-homoserinelac-
tone.

the length of carbon chain and the substitution at
third carbon in acyl side chain. Each type shows
the different specificity.

In thisstudy, our attention was focused on
a Gram-negative bacterium Sphingomonas
xenophaga. It can produce AHL respondingto the
high cell density. Its shape isrod and its color is
yellow. In addition, it can utilize phenanthrene,
Cq4H10 aromatic hydrocarbon in oil, as a carbon
source (Supaka et al., 2001; Baraniecki et al.,
2002; Prak and Pritchard, 2002). In many bacteria,
quorum sensing can modulate a variety of
physiological processes, for example
bioluminescence, swarming, swimming and
twitching motility, antibioticbiosynthesis, biofilm
differentiation, plasmid conjugation transfer and
theproductionof virulencedeterminantsinanimal,
fish, and plant pathogens (Williams et al., 2000).
Oneideato control the amount of AHL isthe use
of AHL degradingenzymesthat haveacommercial
value as modulators of cell-to-cell signaling. A
recent report showed that Variovorax paradoxus
was able to degrade and use AHL signals as the
sole energy and nitrogen sources (L eadbetter and
Greenberg, 2000). In this study, co-cultivation of
both organisms was done to study the effect of
AHL decreasebecauseof V. paradoxuson growth
of S. xenophaga. Firstly the optimum conditions
for both growthsweredetermined and subsequently
theco-cultivationof both organismswasperformed
in onetube and in adiayzing vessel tube.

MATERIALSAND METHODS

Bacterial strainsand growth conditions

Fphingomonasxenophaga and Variovorax
paradoxuswereisol ated from seawater and grown
in Lauria Bertani broth (LB) or Marine broth
(MB). Reporter strain Agrobacteriumtumefaciens
A136 (Fuquaand Winans, 1996) wasgrowninLB
medium supplementedwith4.5ug/ml tetracycline
and 50 pg/ml spectinomycin with shaking at 100
rpm, 30°C and overnight.

Effect of medium types on growth

S. xenophaga and V. paradoxus were
separately grown in tubes containing 15 ml of LB
or MB. They were incubated in a temperature
gradient incubator with shaking at 50 rpm, 30°C.
The optical density at 660 nm of all cultures was
measured.

Effect of temperature on growth

S xenophaga and V. paradoxus were
separately grown in tubes containing 15 ml of the
appropriate medium. They were incubated in a
temperature gradient incubator with shaking at 50
rpm from 20 to 30°C. The optical density at 660
nm was measured.

Co-cultivation of both culturesin onetube

S xenophagaand V. paradoxusprecultures
were inoculated in tubes containing 15 ml of the
selected medium with various ratios of both cell
optical densities (1:1, 1:10, 10:1, 100:1). The
cultures were incubated in the incubator with
shaking at 50rpm and theappropriatetemperature.
After 2 days of incubation, supernatant was
collected by centrifugation at 13,000xg for 10 min
and filtrated by using 0.22 um millipore filter
before adding to thereporter strain A. tumefaciens
A136 culture for the determination of B-
galactosidase activity expression.
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Co-cultivation of both culturesin a dialyzing
vessel tube

A dialyzing vessel tube (Figure 2) was
invented from Prof. Teruhiko Beppu from Nihon
University, Fujisawa-shi, Kanagawa, Japan. It
consists of 2 partitions that are separated by a
dialyzing membrane with a 0.1 um filter. The
vessel containing 50 ml of one-fifth concentration
of LB was autoclaved and the pure cultures of S.
xenophagaand V. paradoxuswereinocul ated into
each partition, respectively. The cultures were

Figure2 Dialyzing vessel tube (Ohno et al.,
1999).
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incubated with shaking at 100 rpm, 20°C. The
cultures were sampled for study the growth by
measuring optical density at 660 nm and study
AHL amount by measuring the 3-galactosidase
activity.

Monitoringexpression of AHL by measurement
of B-galactosidase activity

AHL expression by measuring of -
galactosidase activity was done according to
method of Sambrook et al. (1989).

RESULTSAND DISCUSSION

Growth of S. xenophaga and V. paradoxus in
different kinds of media

The cultures were incubated separately in
either LB or MB in the temperature gradient
incubator with shaking at 50 rpm, 30°C. It was
shown that at 30°C V. paradoxus was grown only
in LB but was hardly grown in MB, whereas S.
xenophagawasgrowninbothmediabutitsgrowth
washigher inLB (Figure 3). Interestingly, growth
of V. paradoxuswasfaster thanthat of S xenophaga
in LB. In addition, in MB S xenophaga was able
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Figure3 Growth of S xenophaga and V. paradoxusin LB and MB (S xenophagain LB ((0) and MB
(m) and V. paradoxusin LB (a) and MB (X)).
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to grow slowly and the maximum optical density
was reached within 2 days (data not shown),
whereas V. paradoxus was rarely grown. It was
indicated that MB is not suitable for growing V.
paradoxus. It might dueto thelessmacroel ements
in MB. The medium which was suggested to grow
both culturesin this case should be LB, however,
S xenophaga and V. paradoxus still have the
different growth ratesin this medium.

Growth of S.xenophagaand V. paradoxusfrom
20to 30°C

S xenophagaand V. paradoxusprecultures
wereinoculatedin 15 ml of LB. Thecultureswere
incubated separately in the temperature gradient
incubator from 20 to 30°C. The optical density at
wavelength 660 nm of all cultures was shown in
Figure 4. It was shown that the growth rates of V.
paradoxuswerehigher thanthoseof S. xenophaga
at incubation temperature more than 22°C,
however, thegrowthof V. paradoxuswasdecreased
when incubated at 20°C. Moreover, at incubation
temperatureof 20°C growth patternof V. paradoxus
was quite similar to the growth of S xenophaga at
22and 20°C. Therefore, theincubationtemperature
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at 20°C might be suggested for co-cultivationof S.
xenophaga and V. paradoxus, athough at this
temperatureboth culturesweregrownvery slowly.

Co-cultivation of S. xenophagaand V. paradoxus
together in onetubewith thedifferent ratios of
cell density

S xenophagaand V. paradoxusprecultures
wereinoculated in LB with various ratios of both
cell optical densities(S. xenophaga: V. paradoxus
= 1:1, 1:10, 10:1, 100:1). The cultures were
incubated in the temperature gradient incubator
with shaking at 50 rpm at 20°C. After 2 days of
incubation, supernatants were collected and
filtrated before adding into A. tumefaciens A136
culture for determining the expression of [3-
galactosidase activity. A. tumefaciens A136
genetically modified by deleting luxl gene (for
AHL synthesis) but still containingluxR (for AHL
receptor) connected with gene encoding B-
galactosidase producing enzyme was used as a
reporter strain (Fuqua and Winans, 1996). From
Figure5, it wasshown that the higher growthrates
werefoundintheculturescontaining higher ratios
of V. paradoxus or the culture of V. paradoxus
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Figure4 Growth of S. xenophaga and V. paradoxus at the different temperatures (S. xenophaga at 30°
C () 28°C (<) 26°C(A) 24°C (O) 22°C(X) 20°C (*) and V. paradoxusat 30°C (m) 28°C (0)
26°C (A) 24°C (@) 22°C (+) and 20°C ().
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only because V. paradoxus had slightly the higher
growth rate than S. xenophaga. After 2 days of
cultivation all growth curves approached to the
stationary phase. The cell supernatants were
sampled and B-gal actosi daseactivity wasmeasured
and shownin Table 1.

Expectedly, the highest amount of B-
galactosidase activity or AHL was found in the
supernatant of S. xenophaga and S. xenophaga: V.
paradoxus (100:1). Because S. xenophaga is a
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Gram-negative bacterium and was reported to
produce AHL (Guan and Kamino, 2001), it is
reasonableto detect the highest amount of AHL in
supernatant of S. xenophagaonly. In caseof using
supernatant of S. xenophaga : V. paradoxus in
ratio of 100:1, the high amount of AHL or -
galactosidase activity was also found. It can be
explained that the very low ratio of V. paradoxus
inoculum size was not enough to show any effects
on AHL even though V. paradoxus showed the

2

1.5

Optical density at 660 nm

0 :
0 3 6

9 12 15 18 21 24 27 30 33 36

Time (hours)

Figure5 Growth of S xenophaga and V. paradoxus in various ratios of the initial cell densities
(S xenophaga only (e ), V. paradoxus only (m), S. xenophaga : V. paradoxus (1:1) (A),
S xenophaga : V. paradoxus (10:1) (X), S xenophaga : V. paradoxus (1:10) (O) and

S xenophaga : V. paradoxus (100:1) (*)).

Table1l B-galactosidaseactivity expressed by Agrobacteriumtumefaciens A 136 from variouskinds of

the cell supernatants.

Types of cell supernatants

Average -galactosidase activity (units)

S xenophaga
V. paradoxus
S. xenophaga : V. paradoxus (1:1)
S xenophaga : V. paradoxus (10:1)
S xenophaga : V. paradoxus (1:10)
S. xenophaga : V. paradoxus (100:1)

2782

22
1297
10
2757




26 Kasetsart J. (Nat. Sci.) 38 (5)

AHL-degradingenzymeactivity, thehigher growth
rate and the utilization of AHL as an energy
source.

In this experiment, AHL could not be
produced by V. paradoxus because no B-
galactosidase activity could be determined. In
addition, itwasshownthat AHL wasutilized by V.
paradoxusbecausethehigher ratio of V. paradoxus
resulted in the less AHL amount (from the
comparison of the ratio of S. xenophaga : V.
paradoxus). It could be concluded that AHL
produced by S xenophaga was utilized by V.
paradoxus as an energy source via the AHL-
degrading enzyme and implied that the AHL
degrading enzymemight degradeall typesof AHL
produced in all Gram-negative bacteria by
degrading either the acyl side chain or the lactone
ring.

The low AHL amount of cell supernatant
of S. xenophaga : V. paradoxusin theratio of 1:1
(Table 1) indicated that AHL degradation rate in
V. paradoxuswashigher thanthe AHL biosynthesis
rate in S. xenophaga. AHL produced by S
xenophaga was supposed to bethe nutrient source
for V. paradoxusduring thelatelog phase after the
declination of nutrient, however, it might be the
other interactive relationships between both
organisms. Therefore, thedialyzing culturevessel
was used in the next experiment to study each
growth rate and the relationships between the
AHL production by S xenophaga and the AHL
degradation by V. paradoxus.

Co-cultivation of S.xenophagaand V. paradoxus
in the dialyzing culture vessel

S. xenophaga and V. paradoxus were
inoculated separately in each partition of the
dialyzing culture vessdl containing 50 ml of 1/5
LB. For control, either S. xenophaga or V.
paradoxus was inoculated to both partitions of
each medium. All cultures were incubated with
shaking at 100 rpm, 20°C and sampled for
determining growth by mean of optical density at

660 nm and measuring AHL in the supernatants.
In case of cultivation one microorganism, the
results showed that AHL was found in the S
xenophaga supernatant during the late log phase
periodwhereasAHL wasnotfoundinV. paradoxus
supernatant. For the co-cultivation results, -
galactosidase activity in V. paradoxus side was
found higher than usua because AHL produced
by S xenophaga was penetrated through filter
membrane to V. paradoxus side. (Figure 6B) and
B-galactosidase activity showed the highest peak
at hour 36. Looking at the growth characteristics,
V. paradoxuswas grown faster than S, xenophaga
duringthelatelog phase period in /5 LB medium
(Figure 6A). By co-cultivation method, AHL
produced by S. xenophaga during the late log
phase was utilized by V. paradoxus as an energy
source, resultinginanincreaseof the2-fold higher
growthrate. Theincreaseof growthratewasfound
inthelimited medium like 1/5 of LB medium but
not foundintheenriched mediumlikeL B medium
(data not shown). Moreover, by co-cultivation
method the growth pattern of S. xenophaga was
dlightly changed. The retarding of cell deathin S
xenophagaduring thestationary phasewasshown.
It might be explained that AHL produced by S.
xenophagawasutilized by V. paradoxus, therefore
AHL level waslower and not enough to bind the
receptor for the induction of AHL-responding
target genesresulting in no physiological changes
and the slower death.

From co-cultivation results, it could be
concluded that V. paradoxus could utilize AHL
produced by S. xenophaga as an energy source,
promotingitshigher growth. However, theremight
be either some interaction of both organisms. In
natural environment, bacteria can not live aone
but form community with their own or different
organisms, therefore, it is quite complicated to
study the effect of AHL only by co-cultivation
method. We are on progressto partially purify the
AHL degrading enzyme and study the action of
enzymeinorder tocontrol thebacterial populations.
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Figure6 Growthand -galactosidaseactivity of S xenophaga and V. paradoxusinthediayzing vessel
tube when (A) both sides contain S. xenophaga only (m), or V. paradoxus only (e) (B)
determined from S. xenophaga side of co-cultivation (m), and from V. paradoxus side of
co-cultivation (e ). Stragiht line(——) showsOD valuewhereasdash line(------ )indicatesthe

-galactosidase activity.

CONCLUSION

In order to control the amount of a cell-to-
cell signa molecule AHL, co-cultivation of S
xenophaga that produced AHL and V. paradoxus
that was ableto degrade AHL wasperformed. The
optimummediumandincubationtemperatureused
for co-cultivation of both bacteriawereL B medium
and 20°C, respectively. V. paradoxuscould utilize
AHL produced from S. xenophaga as an energy
source, promoting the 2-fold higher growth rate of
V. paradoxusandthes ower death of S. xenophaga.
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