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FIG. 7. A colony of S. marcescens on hard agar. (A) Strain NS
25 (wild type); (B) serrawettinless mutant NS 25-04. The bacteria
were point inoculated onto the center of Vogel-Bonner medium
containing 1.4% agar and 0.4% glucose (7 ml in a 90-mm-diameter
dish) and incubated at 30°C for 2 weeks.

DISCUSSION
In the present study, serrawettin W2 was shown to be a

novel cyclodepsipeptide with the proposed structure 3-hy-
droxyldecanoyl-D-leucyl-L-seryl-L-threonyl-D-phenylalanyl-
L-isoleucyl lactone. Thus, hydroxyl groups of serine and
threonine may be hydrophilic parts of this C10 acylated
pentapeptide. This is similar to serrawettin Wl possessing
two hydroxyl groups of serines as hydrophilic parts. Al-
though the precise chemical structure of serrawettin W3 has
not yet been determined, degradation analyses indicated the
presence of a dodecanoic acid and five amino acids (threo-
nine, serine, valine, leucine, and isoleucine; 1:2:1:0.5:0.5 by
molar ratio) (14). Therefore, serrawettins Wl, W2, and W3
have no amino acid residues with ionic hydrophilicity. On
the other hand, surfactin, a famous biosurfactant produced
by Bacillus subtilis, possesses the chemical structure 3-hy-
droxy-13-methyltetradecanoyl-L-glutamyl-L-leucyl-D-leucyl-
L-valyl-L-aspartyl-D-leucyl-L-leucyl lactone (10). Carboxyl
groups of Glu and Asp residues are hydrophilic parts of the
surfactin molecule. Therefore, serrawettins are similar to
surfactin with respect to the cyclodepsipeptide structure but
dissimilar with respect to hydrophilic parts. Surfactin is an

FIG. 8. Effect of serrawettin W2 on the spreading growths of
serrawettinless mutants. Sterile paper disks soaked with 5 p.l of
ethanol containing 200 (upper disk) or 50 (middle disk) ,ug of
serrawettin W2 or ethanol alone (lower disk) were dried and placed
between the mutant NS 25-04 point inoculated on Vogel-Bonner
medium (for details, see the legend to Fig. 7). The plate was
incubated at 30°C for 10 days.

anionic surfactant, whereas serrawettins are nonionic sur-
factants.

Surfactants of microbial origin are considered superior to
synthetic surfactants because of their biodegradable and
potentially less toxic properties and have been examined for
their usefulness in human daily life and in industrial appli-
cations (4, 23). However, we are interested in such surface-
active products from the viewpoint of basic bacteriology.
Most of these compounds (e.g., lipopeptide-containing
D-amino acids) have complex structures synthesized by
nonribosomal enzymatic processes under genetic controls
(20, 21). Some functions beneficial to the bacteria may be
expressed by the extracellular products (23). Rhamnolipids
produced by Pseudomonas aeruginosa or sophorolipids
produced by Torulopsis bombicola are known to function as
emulsifiers for the uptake of hydrocarbons by these mi-
crobes (6, 7, 9, 11). Production of these glycolipid biosur-
factants is induced in the presence of the hydrocarbons (4,
8). On the other hand, serrawettins were produced by S.
marcescens in the absence of such hydrocarbons. Produc-
tion of surfactin by B. subtilis is inhibited by the addition of
hydrocarbons to a medium (3). Serrawettins seem, then, to
have other physiological roles. Since some cyclic lipopep-
tides have antibiotic activities, serrawettin W2 was exam-
ined for this type of activity. MICs of serrawettin W2 against
Escherichia coli ATCC 25922, P. aeruginosa ATCC 27853,
B. subtilis ATCC 6633, and Staphylococcus aureus ATCC
25923 were >100, >100, 25, and 25 ,ug/ml, respectively (19).
Therefore, the antimicrobial activity of serrawettin W2 was
shown to be weak against the above representative strains
and seemed not to be a principal function of the product. The
antimicrobial activity of serrawettin Wl (serratamolide) is
also reported to be not so strong (26), and studies on this
antibiotic ceased long ago.

S. marcescens is a ubiquitous organism inhabiting water,
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FIG. 10. Extracellular complementation of the spreading growth
by flagellumless and serrawettinless mutants on a semisolid me-
dium. The left point was inoculated with S. marcescens NS 45-11
(flagellumless; producer of serrawettin W3), the right point was
inoculated with NS 38-09 (flagellated; serrawettinless), and the
center point was inoculated with a mixture of both strains. The
nutrient agar contained 0.5% agar, and incubation was carried out at
30°C for 24 h.

FIG. 9. Effect of serrawettin W2 on the spreading growth of a
serrawettinless mutant on semisolid media. Mutant NS 25-04 was
point inoculated on nutrient agar containing 0.5% agar and 0.4%
glucose and then incubated at 30°C for 24 h. Paper disks containing
no (A) or 100 p.g of (B) serrawettin W2 were placed near the growing
colony at 12 h postinoculation.

soil, plants, insects, and vertebrates. In such habitats, actual
colonization sites were supposed to be the surfaces with
various characteristics (hydrophobic, hydrophilic, uneven,
fractal, smooth, axenic, living, etc.). To reach such surfaces
efficiently, bacteria may have special strategies. By compar-
ing serrawettin-producing bacteria and nonproducing bacte-
ria, we previously showed that serrawettins enable the
bacterial suspension to sink into a water-repelling fibrous
material (cotton) (18). Without serrawettins, the bacterial
suspension remained a droplet and the bacteria failed to
reach the surfaces of cotton fibers located inside. Rubiwet-
tins produced by S. rubidaea also had the same functions
(13). Although the surface of a plant leaf is covered with a

hydrophobic cuticular wax layer, it is a known habitat for
microbes (5). Bunster et al. suggested the importance of
bacterial wetting activity in such phyllospheres. A suspen-
sion ofPseudomonas spp. was examined for wetting activity
with special reference to the production of surface-active
materials (2).
As shown in the present investigation, bacterial behavior

on a hydrophilic surface (surfaces of solid and semisolid
agar) was also profoundly influenced by the bacterial extra-
cellular surfactant. Since the bacteria are so small, the
effects of intermolecular forces are strong enough to govern
their movements. By excreting surface-active products such
as serrawettins, bacteria seem to lighten the surface-tension
burden working at the colony periphery. Extended spreading
growths of S. marcescens shown in Fig. 7 through 10
revealed the roles of serrawettins in such a surface environ-
ment.

In contrast to proteins, lipids tend to be the forgotten
components of microbes (22). Microbial lipids have rarely
been examined for their physiological functions. Most stud-
ies on lipids are done with structural lipids (membrane
lipids). Herein, serrawettins are shown to be a novel type of
exolipid with a specific function. More studies on the func-
tion of microbial lipids will provide new insight into under-
standing bacterial behaviors in nature.
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